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SlNGLl;  CARRIAGE  AIRLOAD  PREDICTION 


The  technique  for  predicting  single  carriage  six-component 
captive  airloads  is  presented  in  this  section.  Each  of  the  six  airload 
components  are  presented  in  separate  sujosad/'.  Ions . Each  airload  com- 
ponent subsection  is  ordered  into  additional  subsections  for  predicting 
the  basic  captive  airload,  the  Incremental  airload  due  to  aircraft  yaw, 
and  the  incremental  airload  due  to  adjacent  store  interference.  The 
basic  captive  airload  prediction  method  is  generated  from  wind  tunnel 
data  obtained  by  a zero-yaw  pitch  excxirsion  of  the  parent  aircraft. 

The  aircraft  yaw  airloads  data  are  generated  by  a pitch  excursion  of 
the  parent  aircraft  at  selected  constant  yaw  angles.  The  incremental 
airloads  due  to  aircraft  yaw  are  obtained  from  the  difference  between 
the  yawed  pitch  polar  and  the  zero-yaw  pitch  polar  (basic  captive  air- 
load). The  incremental  airloads  due  to  adjacent  store  interference 
were  obtained  as  the  difference  between  the  airloads  experienced  by 
the  captive  store  with  and  without  the  presence  of  em  adjacent  store 
tlirough  a zero-yaw  r'  ch  excursion  of  the  parent  aircraft. 


An  anal;  f the  experimental  data  indicated  that  '^he  store 


capti  .'e  airloads  could  be  adequately  described  by  a linear  curve  over 
a large  range  of  a ji.e  of  attack.  The  technique  presented  in  this 
section  predicts  the  slope  and  intercept  at  M=0.5  for  each  of  the 
store  airload  comp  jnts.  The  effects  of  Mach  number,  aircraft  yaw, 
and  adjacent  store  interference  are  treated  as  increments  to  be  ujujd 
to  the  slope  and  intercept  predicted  at  M=0.5.  Each  airload  component 
is  computed  in  terms  of  force  or  moment  per  unit  q (dynamic  pressure), 
and  coefficients  are  defined  by  dividing  the  force  terms  by  the 
store  reference  area,  S_g_,  and  the  moment  terms  by  the  product 


of  the  store  reference  area:  and  diameter.  S d. 

’ REF 


To  obtain  the  toted  airload  experienced  by  a captive  store, 
use  the  generalized  coefficient  equation  presented  below. 


TOTAL 


= C + AC 

^ASIC 


INTF 


U9 


where: 


X = y,  T1,  N,  M,  k,l 


i 

S' 

r 


I 


h 


t- 


3.1  SIDE  FORCE 

3.1.1  Basic  Airload 


3. 1.1.1  Slope  Prediction 

The  equation  for  predicting  the  variation  of  side  force  with 
angle  of  attack  for  Mach  numher  0.5  is  presented  below. 


where : 


= K 


PRED 


SP  ISO 


c(  q )ij;  % ^INTF  ^/C 
SF  ISO 

Initial  side  force  slope  prediction,  see  Subsection 

2.3.2. 


- Store  spanwise  position  correction  factor, 

Figure  13. 

^INTF  " Correction  factor  accounting  for  the  interference 

effect  of  the  fuselage  for  high  wing  aircraft, 
Figwe  l4. 


- Correction  factor  based  on  store  length  divided 
by  the  local  wing  chord.  Figure  15. 

- Correction  factor  accounting  for  pylon  height 
variation.  Figure  l6. 


K 


Aircraft  wing  sweep  correction  factor,  sinA/sin  45°, 
where  is  quarter  chord  sweep  of  subject  wing. 
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•1 


j 


i 


‘ 


Example : 


Compute  f'or  a 300-gallon  taiik  on  the  A-7  center  wing 

pylon  at  M=:0.5. 


Required  for  Computation: 

n = .1*18 
2.57 


^LOCAL 


= 1.77 


Z = 23  in. 

'a 


K*  _ sin  35° 

= ' I Lj 


sin 


1*5^ 


= .811 


‘'c(f)*  = <1'206H -262)  = -316  1^ 

ISO 

= *98  - Figure  13 


^INTF  ■ " Figure  14 


= 1.27  - Figure  15 


= .98  - Figure  I6 

(^)a  " (•3l6)(.96)(1.0)(l.27)(.98)(.8ll)  = .306 

FRED 
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3 . 1 . 1 . 2 Slope  Mach  Number  Correction 

(SF  \ 

between 

>1  = 0.5  and  = 2.0,  us(‘  tlie  followini*  expie.ssion: 


(SF\  (SF\  ^ ,/SFx 

V q /a  \ q /a  \ q/a 


M = X 


PRED 


M = X 


where: 


(SF  \ 

- Side  force  slope  predicted  at  M = 0.5' 


PRED 

(SF\ 

- Increment  in  side  force  slope  at  M = x. 

M = X 

A generalized  curve  depicting  the  side  force  slope  variation 
with  Mach  number  is  given  by  Figure  IT. 


Mach  Humber 

Figure  17.  Side  Force  Slope  - Generalized  Mach  Number 
Variation 


The  slope  variation  with  Mach  number  has  been  approximated 
by  a series  of  linear  segments  with  break  points  occurring  at  Mach 
numbers  defined  by  M^,  M^,  M^,  M^,  and  Mj^.  The  variation  of  the 
Mach  break  points  is  presented  in  Figure  l8  as  a function  of 

is  the  J'lach  number  where  the  slope  initially  deviates  from 
the  ~lope  predicted  uo  M = 0.5.  Equations  have  been  developed  to  predict 
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V 


«V  if  V 


the  delta  (incremental)  slope  change  from  that  predicted  at  M = 0.5 
at  each  of  the  remaining  Mach  break  points  (M^,  M^j  etc.).  These 
equations  are  presented  below. 

Break  1 (M^): 

where: 

Kc.rr.Dt.-.  " Variation  of  AC  with  ADJ.  FIN  SPA,  ■.  — 

SLOPE  y in‘‘deg 

1 

Figure  19. 


ADJ.  FIN  SPA  - Adjusted  fin  side  projected  area,  in^ , defined 
in  Subsection  2.3.1. 


"INTC, 


- Value  of  AC  when  ADJ.  FIN  SPA  = 0,  r^, 

deg’ 

1 

Figure  20. 


REF 


TTd^ 

- store  reference  area,  ft^ 


Break  2 {^'^2}  ' 


^(q)a,.^  ^ ^^SLOPE  ^SLOPE^^^'^' ^ ^INTC  ’^INTC.^^l 


where : 


3L0PE 


“02  - ^ 2 


02  2 


REF 


- Slope  correction  factor  based  on  span  ’’ 
position,  Figure  21. 


K, 


SLOPE, 


- Variation  of  AC  with  ADJ.  NOSE  SPA,  -7-^ — 
y in'^deg 

^2 

Figure  22. 


ADJ.  NOSE  SPA  - Adjusted  nose  side  projected  area,  in^,  defined 
in  Subsection  2.3.1. 
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break  3 


where : 


Break  U 


where: 


’^Tirrc 

*^2 


^iirrc^ 


- Intercept  correction  factor  based  on  spanwise 
position » Figure  23. 

- Value  of  AC  when  ADJ.  NOSE  SPA  = 0, 

deg’ 

2 

Figure  2i». 


(M3): 


dm  = 

\ q /ct,. 


*-^SL0PE  *^SL0PE  ^ ^INTC  ^INTC.^^REF 

TI3  3 H3  3 


^SLOi^E  " correction  factor  based  on  spanwise 

*^3  position.  Figure  25. 


K, 


SLOPE, 


Variation  of  AC  with  ADJ,  FIN  SPA,  ^ , 

y„  in'^deg  ’ 

3 

Figure  26. 


ADJ.  FIN  SPA  - Defined  under  Break  1. 


llfi’C 


n.. 


Intercept  correction  factor  based  on  spanwise 
position  , Figure  2T. 


INTC 


Value  of  AC  when  ADJ.  FIN  SPA  = 0,  ~, 
y^  deg’ 

3 

Figure  28. 


(M), ) : 


ifU  w,  ™ * ''liiTc, 


REF 


K, 


SLOPE. 


- Variation  of  AC  with  ADJ.  FIN  SPA,t*tj — , 

inMeg 


Figirre  29. 
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ADJ.  FIN  SPA  - Defined  under  Break  1. 


K, 


INTO, 


- Value  of  AC  when  ADJ.  FIN  SPA  = 0,  r — , 

deg’ 

% 

Figure  30. 


(SF\ 

at  M = X,  first  determine  from  Figure  18 
between  which  Mach  number  break  points  A x occurs.  Let 
lower  Mach  break  and  M^^^  be  the  higher  Mach  break.  Compute 
at  M = X from  the  expression  below. 

a ■ (fK_  • -(fi^  • (^)  »(¥). 


M = X 


HI 


If  X 


- M,.  F) 

0’  \q  /a 


LOW 


will  be  the  value  obtained  in  Subsection 


M=x 


3*1. 1*1  (the  initial  term  in  the  above  equation). 

Example : 

Compute  t'-  side  force  variation  with  angle  of  attack  for  a 300- 
gallon  tank  on  ti  ( center  pylon  for  M = 1.4. 

'"local  = In. 


= Ml 

sin  45° 


n -■  .4lP 

ADJ.  NOSE  SPA  = 3111  in*  (Subsection  2.3.1) 
ADJ.  FIN  SPA  = 990  in*  (Subsection  2.3.1) 
®REF  “ 3-»3  ft" 

'lOCAl\  = (127.6)1.811)  . 103.5  in. 


From  Figure  18,  M = 1.4  falls  between  M^  and  M^.  Let 


Mg  = 1.2,  and  M^^ 


M^  = 1.6. 
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Break  2 (M^) : 


^SLOPE  = 

KgLOPE  = -.000005  - Figure  22 

%rac  = -s*-  - 

"2 

''iraCg  ' - Figure  21. 

^(?)a  ' ((.6U)(-k000005  K311l)  + { . 56) ( .015)]3.83  -*-  “.0060  ^ 
Break  3(M2): 


"SMPE  = '5®  - 

03 


SLOPE3  = 


- Figure  27 


^INTG^  ~ 


- Figure  28 


a(— ) = [(.58) (-.000066) (990)  + (.22)(.055)]3.83  = -.098 

/cio 


Iti 

deg 


f^)  = .306 

( q la  aeg 

PRED 
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INTC 


Figure  30,  Side  Force  Slope  - for  Mach  L eak  A J 

■i 


r 


3.1.1. 3 Intercept  Prediction 

(SF\ 

— 1 , at  M = 0.5  is  predicted 

^ a=0 

from  the  following  relationship. 


(fU  “slope,  haw.  pie  SPA) 


PRED 


LE 


^INTC^  ^INTCjjj^p  ^ ^A^^REF 

LE 


K, 


SLOPE, 


- Basic  variation  of  C with  ADJ.  FIN  SPA,  ^“ri 

y in 

^a-0 

Figure  31. 


AK, 


SLOPE 


- Increnental  change  in  ^^g^opE  inter- 


INTF  1 

ference  effect  of  the  fuselage  for  high  wing 


aircraft,  V > Figure  32, 

iiv 


^‘^Slope  ■ in  Kgj.Qpg  based  on 

^LE  Figure  33.  ^ 


^TMT>p  ~ Value  of  C when  ADJ.  FIN  SPA  = 0,  Figure  3*<. 

^^^^1  Vo 


AKthp-ip  - Incremental  change  in  K_„  due  to  the  inter- 


ference  effect  of  the  fuselage  for  high  wing 
aircraft,  Figure  35. 


^ItWC  “ change  in  based  on 

\e  Figure  36.  ^ 


Example: 

(SF\ 

— ) , for  a 300-gallon 

^'a=0 

tank  on  the  A-7  center  pylon  at  M = 0.5* 


69 


, ^ s *■  •*' 


■Required  for  Computation: 

^LOCAL  = 127.6  in. 

K,  = .811 

y = 68.2  in. 

d = 26.5  in. 

= 75.1  in. 

ADJ.  FIN  SPA  « 990  in  ^ (Subsection  2.3.1). 

W = 3.83  ft= 


''slope 

^^SLOPE, 

^LE 


-.00073 
= 0 
= 0 


K = .25 

INTCi 


AK 


INTO 


= 0 


INTF 


AK. 


INTC 


= 0 


K 

LE 


- Figure  31 

- Figure  32 

- Figure  33 

- Figure  3^ 

- Figure  35 

- Figure  36 


Substituting: 


(y)o=0  " [(--00073) (990)  + .25)(.811)(3.83)  = -1.1^6  ft^ 

PRED 
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3.1.1.U  Intercept  Mach  Number  Correction 

The  procedure  for  calculating  the  Mach  number  correction  for 

side  force  intercept  is  the  same  as  that  presented  in  Subsection  3.1*1*2 

for  the  side  force  slope  Mach  number  correction. 

The  side  force  intercept  variation  vith  Mach  number  has  been 

approximated  by  a series  of  linear  segments  with  break  points  occurring 

at  Mach  numbers  defined  by  M M , M , and  M as  in  Figui'e  37. 

0 » X <1  0 


Mach  Number 

Figure  37.  Side  Force  Intercept  - Genereilized  Mach 
Number  Variation 


The  variation  of  the  Mach  break  points  is  presented  in 
Figure  38  as  a function  of  C^ocAL^A  ‘ ^0  number  where  the 


intercept  initially  deviates  from  the  intercept  predicted  at  M = 0.5. 
Equations  have  been  developed  to  predict  the  delta  (incremental)  inter- 
cept change  from  that  predicted  at  M * 0.5  at  each  of  the  remaining 
Mach  break  points  (M^,  M^,  M^).  These  equations  are  presented  below. 


Break  1 (M^ ) : 


* ^INTC^^^A^^REF 


where : 

^SLOPE^ 


- Variation  of  AC 


Figure  39. 


with  AD J. FIN  SPA, 


73 


ADJ.FIN  SPA  - Adjusted  fin  side  projected  area,  in^ , defined 
in  Subsection  2.3-1* 


INTC, 


- Value  of  AC  when  ADJ.FIN  SPA  = 0, 


’a=0. 


Figure  UO. 


REF 


TTd^  2 

- Stoi'e  reference  area,-jj—,  ft 


Break  2 


'''‘SLOPE^  “-SLOPE 


) (ADJ.FIN  SPA)  + K 


INTO, 


where: 


- Variation  of  AC  with  ADJ.FIN  SPA,  -r~r, 

SLOPE-  ’ xn^’ 

2 Figure  fa.  “ ^2 


AKgLOPE  “ Incremental  change  in  Kgropg  inter- 

^^INTF  ^2 

ference  effect  of  the  fuselage  for  high  wing  air- 
craft, -r^,  Figure  f*2. 
in 


K^,_p  - Value  of  AC  when  ADJ.FIN  SPA  = 0,  Figurel43. 

^a=02 


AK^^^pp  - Incremental  change  in  K due  to  the  inter- 

^^^INTF  2 

ference  effect  of  the  fuselage  for  high  wing 

aircraft,  Figure  l^f*. 


Break  3 (M^): 


A 


^INTC3^^Aj,^REF 


7f» 


where: 


SLOPE  - Variation  of  AC  with  ADJ.FIN  SPA,  Figure  1*5. 

^ ^a=0 


- Value  of  AC  when  ADJ.FIN  SPA  = 0,  Figure  *+6. 

Vo. 


(SP\ 

~/a=0  f'irst  determine  from  Figure  38 

between  which  Mach  number  break  points  M = x occurs.  Let  M, be  the 

LOW 

lower  Mach  break  and  be  the  higher  Mach  breaJc.  Compute 

(SF\ 

~/a=0  ^ from  the  expression  below. 

(f)«=o  - (f)c.=0  * ^(f).o  ^ (3^)  HfU 

M=x  PRED  LOW  HI 


-4-)  1 

Vq  Mtau 


LOW 

If  X < Mq,  (^^q-q  will  be'  the  value  obtained  in  Subsection 

/ SF  \ 

3*1 .1.3  (the  initial  term  in  the  above  equation,  ( — 1 . ) . 

\ q / a=0 

PRED 

A numerical  example  is  included  in  Subsection  3. 1.1. 2 that 
illustrates  the  application  of  the  above  equation. 


75 


I i}',ure  5f5.  Side  Force  Intercept  - Mach  Number  Break 
Points 
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Break  1 


3*1'2  Increment  - Aircraft  Yaw 

The  store  incremental  aide  force  due  to  aircraft  yaw  is 
obtained  from  the  difference  between  the  yawed  pitch  polar  and  the 
zero-yaw  pitch  polar  data,  as  outlined  in  Section  III.  The  incre- 
mental side  force  slope,  intercept,  thus 

obtained  are  essentially  lineai*  with  aircraft  yaw  angle;  therefore, 
the  incremental  slope  and  intercept  equations  are  derived  and 
presented  per  degree  of  store  yaw  angle.  The  incremental  airloads 
due  to  aircraft  yaw  are  referenced  to  the  coordinate  system  presented 
in  Subsection  2. 3.1.1. 

To  compute  the  incremental  side  force  slope, 
following  equation  is  used. 


where : 


a(sf)  = jsn  . 

\ q/a  V q/cift  s 


A(^)  - Incremental  side  force  slope  per  degree  Be 

'^S  obtained  by  the  methods  presented  in  the  fol- 
lowing sections. 


6c 


- Store  yaw  angle,  deg.  Equal  to  for  right 

wing  store  installations  or  ^‘or  left  wing 

store  installations. 


The  equation  for  incremental  side  force,  intercept , ^ 


is  similar, 


3.1. 2.1  Slope  Prediction 

The  equation  to  compute  incremental  side  force  slope  per 

degree  Bc»  given  below, 

o \ Q.  f^o 

^S 


q)«o  " ^^SLOPE,  * '^SLOPE 


+ K (AK 
IKTF  \e/L 

(ADJ.  SPA) 


)]. 


LE/L 


8l 


where : 


Example : 
pylon  at 


^SLOPE, 


- Variation  of  incremental  side  force  elope  per  de- 
Kith  Alt  J.  SI ‘A, 


gree  6g 


in-  - cleg 


, Figure  l‘7. 


AK, 


SLQPEi.^„^F 


- Incremental  cha.nge  in  'to  interfer- 

ence effect  of  the  fuselage  i'or  high  wing 


aircraft,  7-7 


ft- 


in  - deg 


7“,  Figure  W. 


AKgLOPE  " Incremental  change  in  as  a function 

^LE/L  of  presented  versus  Mach  number, 

f+- 2 

5—,  Figure  50. 


in" 


deg" 


LE/L 


- Correction  factor  based  on  store  length 
forward  of  the  wing  leading  edge  divided 
by  total  store  length,  Figure  1*9. 


ADJ.  SPA  - Total  store  adjusted  side  projected  area, 
in^  , from  Subsection  2.3.2. 

Compute  for  a 300-gallon  tank  on  the  A-J  center 

M = 0.5  and  Bg  = I*®* 


Required  for  Computation: 


6.  = 


M = 0.5 

n'  = .270 

\e/l  " 

ADJ.  SPA  = 6036.9  in*  from  Subsection  2. 3.2.1 


^SLCPE^  = X 10  ® 


- Fig\ire  curve. 

O 
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Incremental  Side  Force  Slope  Due  to  Yaw 
Variation  with  Adjusted  SPA 


Incremental  Side  Force  Slope  Due  to  Yaw 
Chordwise  Position  Correction 


>^i^njuuui  I III  .m 


i . L . P . ^ Intercept  Prediction 

The  equation  for  incremental  side  force  intercept  per 

rsF 


degree  6^,  presented  belov. 


Mtia=o„  = We  " ^IKTC,  " ^niTC 


IIJTF 


ohei'f“ : 


’^SLOPE, 


- Variation  of  incremental  side  force 

intercept  per  degree  Br,  with  ADJ.NOCE 
ft^  ® 

3PA,  — 2 ; — T~>  Figure  51. 

* in'^.  - deg'^.  ^ 


ADJ.NOSE  SPA  - Store  adjusted  nose  side  projected  urea, 
in^.,  from  Subsection  2,3.?. 


INTO, 


•-‘'^4utf 


- Value  of  incremental  side  force  intercept  per 

f+  ^ 

degree  when  ADJ.  NOSE  SPA  0,  , 

S deg 

Figure  52. 

- Incremental  change  in  due  inter- 

ill  it 

ference  effect  of  the  fuselage  for  high 
ft  ^ 

wing  aircraft,  , Figure  53. 


Fxampl«:  Compute  the  value  of  A\— for  a 300-gallon  tank  on  the 

A~7  center  pylon  at  M =0.5  and  B,,  = 

Required  for  Computation: 
p = -U° 

b 

M = 0.5 
n'  = .270 

ADJ.NOSE  srVi  = 3109  in^  from  Sub.^«cti-  n 
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».  . f tl-  ••  V ' * •- 


^‘jLOI’E  ^ ^ “ Figure  51, -Bg  curve 


^irrrc  "" 


- Figure  52,  -6g  curve 


AK^.,,,,„  = 0.0  - Figure  53,-3  curve 


Jubstituliiig, 


^(■T)a=0  = ^ 10"S)(3109)  + .318  + 0.0 

Bo 


and  substituting  into  the  equation  from  Subsection  3.1 
''(fU  = "(f)a-0„  • = (•339K-M  =■  -L 
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Figure  51.  Incremental  Side  Force  Intercept  Due  to  Yaw 
Variation  with  Adjusted  Nose  SPA 


Fig\ire  52.  Incremental  Side  Force  Intercept  Due  to  Yaw 
Value  at  Adjusted  Nose  SPA  = 0 


Figure  '^3-  Incremental  Side  Force  Intercept  Due  to  Yav  - 
Fuselage  Interference  Correction 

INTC 


')x 


3.1.3 


Increment  - Adjacent  Store  Interference 
The  prediction  of  incremental  side  force  acting  on  a 
subject  store  due  to  an  interfering  store  has  been  developed 
and  presented  for  two  major  cases  of  interfering  store  location, 

(l)  inboard  and  (2)  outboard  of  the  subject  store.  When  inter- 
fering stores  are  located  both  inboard  and  outboard  of  the  subject 
store,  the  incremental  side  force  is  obtained  by  summing  the 
values  calculated  separately  for  the  inboard  and  outboard  cases. 

In  the  prediction  equations  of  the  following  sections, 
several  geometric  relations  between  the  subject  store  and  the 
interfering  store  are  introduced.  Figure  5^  illustrates 
these  relations,  while  definitions  of  the  terns  are  as  follows: 

d - Diameter  of  the  subject  store,  ft. 

“^INTF  ~ Effective  diameter  of  the  interfering  store, 

ft.  For  a single  store  the  effective  diameter 
equals  the  physical  diameter;  for  multiple 
carriage  stores  the  effective  diameter  equals  v'^id^ 
whore  N is  the  number  of  stores  exposed  in  the 
front  view  (3  maximum)  and  d is  the  diameter 
of  a single  store. 

^INTF  ~ ^^ose  overlap  distance,  in.  Distance  from  the 
subject  store  nose  to  the  interfering  store 
nose  as  measm’ed  along  a line  parallel  to  the 
subject  store  longitudinal  axis,  positive  aft. 

For  MER  carriage,  is  measured  from  the 

nose  of  the  forward  store  cluster. 

separation  distance,  in.  Minimum  laterax 
clearance  between  the  subject  store  and  the 
Interfering  store  as  measured  in  the  plan  vjow. 
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Figure  5‘t.  Incremental  Side  Force  Slope  Due  to  Interference 
Pictorial  Description  of  Geometric  Relations 


3*1‘3*1  Slope  Prediction 

The  equation  to  predict  incremental  aide  force  slope 
due  to  adjacent  store  interference,  , is  given  by  the  following 

expression.  INTF 


^(T)c'  ^ ‘^SLOPE. 


= 


^1NTF(^IKTF 


d-y 


raTF 


INTF 


where: 


K^lope  ■■  Variation  of  incremental  side  force  slope  with 

. Figure  55. 

‘^‘^INTF 


- Subject  store  diameter,  ft. 


^INTF  " Effective  diameter  of  the  interfering  store, 


ft.  Defined  in  Subsection  3.1.3. 


^liPF  ''  overlap  distance,  in.  Defined  in 


Subsection  3.1.3. 


y.._„  - Lateral  separation  distance,  in.  Defined  in 

ihii' 


Subsection  3.1.3. 


/SF\ 

Example:  Calciilate  ^ 300-gallon  tank  on  the  A-7 


INTF 


center  pylon  with  an  14117  on  the  inboard  pylon  and  M = 0.5. 


Required  for  Computation: 
d = 2.2  ft 


Sntf  "" 


’'iNTF  = 51*. 09  in. 


^INTT 


'^SLOPE  " Figure  55. 


9i« 


. t ^ ^ ‘i.  - • 


m 


3. 1.3. 2 Intercept  Prediction 

The  equation  to  predict  incremental  side  force  intercept, 

^(?)a=0’  below. 

^ ^ ' INTF 

/SF\  ..  /^1MTF^INTF\, 


where: 


/SF\  /"1MTF^INTF\ 

^(T/a=0  ■ ^SLOPE  I d-y^j^P  / hmc 
' TM«nr  ^ 


^SLOPE, 


- Variation  of  incremental  side  force  intercept 


rgtF~3S£  , . Figure  56. 


^■^IRTF 


, _ Effective  diameter  of  the  interfering  store, 

IKTF 

ft  , defined  in  Subsection  3.I.'*-. 


- Subject  store  diameter,  ft. 

- Nose  overlap  distance,  in.,  defined  in  Subsection  3.1. 3. 


- Store  separation  distance,  in.,  defined  in 
Subsection  3.1*3. 


where: 


K Tr.r,r.  - Variation  of  vith  ^ 

'"slope  ^LOCAL 


Subject  store  length,  in. 


, ft^  , Figure  57  ■ 


"LOCAL 


- Local  wing  chord  length  at  subject  store  location,  in. 


K - Value  of  « when  ~ 

'"iNTCg  C 


— — = 0,  ft*  , Figure  53. 
LOCAL 


r 


Example:  Calculate  ^ 300-gallon  tank  on  A-7  center 

pylon  with  an  M117  on  inboard  pylon  and  M » 0.5. 


Required  for  Computation: 

d = 2.2  ft 

d = 1.33  ft 
INTF 

^IMTF  ~ 5^*09  in. 

^IHTF  “ 

L = 226  in. 

=L0CAL  = ‘"• 

K,  = .811 
''l 


>^L0I>E2  ■ -2»°  - 57 


K, 


IKTC, 


= -.350  - Figure  58 


Substituting, 
K. 


iirac 


-.200  (^1^)  + (--350) 


=*  -.-70l» 


€U  ‘ - 

INTF  2 


.704 


.330  ft* 
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I 


J 


3.2 


YAWING  MOMEINT 

Captive  store  yawing  moment  is  referenced  on  the  store  longi- 
tudinal axis  at  the  store  mid-lug  (M.L.)  point. 

3.2.1  Basic  Airload 


3. 2.1.1  Slope  Prediction 

The  variation  of  yawing  moment  with  angle  of  attack, 
at  M = 0.5  can  be  predicted  using  the  following  relationship. 

(tIo*  ^ ^^SLOPE^^^LOCAL^A^^  ‘^INTC^ 


where : 


PRED 


- Initial  yawing  moment  slope  prediction, 
See  Subsection  2.3.3. 


ftj, 

deg 


“^ShOPE 


- Variation  of  C with  , ■: — , 

T n LOCAL  A^ ’ in. deg. ’ 

ct  1 

= -.0016  (constant). 


K, 


SLOPE, 


C 


LOCAL 


- Aircraft  local  wing  chord,  in. 


Aircraft  wing  sweep  correction  factor, 


sin  A 
sin 


IIOTC, 


- Value  of  .hen  = 0,  Fieure59. 


a 


where : 


SPAW^X/NOSE  SPAM 
^INTC  - MV  S_Jld  jl  SPA  }\ 


REF 


FIN  SPA  - Store  fin  side  projected  area,  in*,  Subsection  2.2.2. 
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- store  nose  fineness  ratio. 


NOSE  SPA  - Store  nose  side  projected  area,  in^ , Subsection  2.2.2. 


- Total  side  projected  area  of  the  store,  in^ , 
Subsection  2.2.2. 


Increment  in  due  to  the  interference 

effect  of  the  fuselage  for  high  wing  aircraft , 
Figure  60. 


- Store  reference  area,  -jj— , ft^ 

d - Store  diameter  (reference  length),  ft 

Example:  Calculate  the  variation  of  yawing  moment  with  angle  of 

attack  for  a 300-gallon  tank  on  the  A-T  center  pylon  at  M = 0.5> 

Required  for  Computation: 

FIN  SPA  = in^ 

®EEF  = 3-83 

d = 2.206  ft 


f=  3.71* 

NOSE  SPA  = 1630  in^ 
SPA  = 5007  in^ 
n’  = .270 

LOCAL  ■ 127.6  in. 

K.  = = .811 

A^  sin  45“ 


V- 


ISO 


(.889)(.262) 


/FIN  SPAW^nWNOSE  SPA\ 
I A d A SPA  } 


^INTC  " 59 


AK, 


INTO 


INTF 


0,  Figure  6o 


Substituting: 

(-) 

\ q h 

PRED 


(•233)(.8i1)  + [-. 0016(127. 6)(. 811)  + .275  + 0] 
*(.8ii)(3.83)(2.208)  = .939?^ 


Flgtire  60.  Yavlng  Moment  Slope  - Fuselage  Interference 

Correction 
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3. 2. 1.2  Slope  Mach  Number  Correction 


To  compute  the  variation  in  yawing  moment  slope, 
betv'een  = 0.5  ami  = 2.0,  u.sc  th*i  foilowiiij’  expression. 

(i!i)  . m\  ^ JM) 

V q /a  \ q /a  V q /a 


.M  = X 


where: 


/YM\ 

- Yawing  moment  slope  predicted  at  M = 0.5 


A “ Increment  in  yawing  moment  slope  at  M=x. 

M=x 

The  procedure  for  calculating  the  Mach  number  correction 
for  yawing  moment  slope  is  the  came  as  that  presented  in  Subsection  3. 1.1. 2 
for  the  side  force  slope  Mach  number  correction. 

The  yawing  moment  slope  variation  with  Mach  number  has  been 
approximated  by  a series  of  linear  segnents  with  break  points  occurring 
at  Mach  numbers  defined  by  M^,  Mg,  Mg,  and  M^  as  in  Figure  6l. 


(f)a 


\qh^ 


m 

\ q/a. 


a(^) 

V q /cti, 


0.5  % 


1 "2 

Mach  Number 


Figure  6l.  Yawing  Moment  Slope  - Generalised  Mach  Number 
Variation 

The  variation  of  the  Mach  break  points  is  presented  in 
Figure  62  as  a function  of  is  the  Mach  number  where 
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the  slope  initially  deviates  from  the  slope  predicted  at  M = 0.5* 
Equations  have  been  developed  to  predict  the  delta  (incremental) 
slope  change  from  that  predicted  at  M = 0.5  at  each  of  the  remaining 
Mach  break  points  (M^,  Mg,  M^,  Mj,)*  These  equations  are  presented 
below. 

Break  1 (.M.,  ) : 

(?l~) 


where: 


K SPA 

' 'Slope, 


l-LE-REF'  * 


with 


Kp  SPA 

^YM  

^leW’  ’ 


ft 


Figure  63. 


Kp  - Yawing  moment  correlation  parameter,  Subsection  2.3.3. 
YM 


SPA 


- Store  side  projected  area,  in^.  Subsection  2.2.2. 


LE 


- Distance  that  the  store  nose  extends  forward  of 
the  aircraft  wing  leading  edge  as  measured  in 
the  wing  plan  view,  in. 


REF 


Tid' 


- Store  reference  area, 


ft' 


SPA 

^TPrr  “ Value  of  when  -r-~ 0,  Figure  dh. 

Il.rC^  VqSj^EF^a^.  ^LE^REF 


K. 


Break  2 (Mg): 


- Aircraft  wing  sweep  correction  factor,  '[|^oi 
where  A is  the  wing  quarter-chord  sweep  angle. 


V q / 


K SPA 

^ ™ -V 


S, 


•SLOPEgUEESREp/  ‘^INTCg-'A^  REF 
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where: 


"SL0PE„  - 


with 


K_  SPA 

YM  ft  2 


Figure  65. 


W - ''“^"0  ''(ss±). 


*'LE^REf’ 


Figure  66. 


REF' a. 


K SPA 

YM  . ft 

T1 — = d^* 

LE  REF 


Break  3 (M,^): 


SPA 


where: 


‘SLOPE 


3 3 LE  REF' 

- 'Variation  of  Al 


( YM\ 


with 


K SPA 
^YM  ft^ 


I WJLVii  An  > • T > 

'REF^a^  \e^REF 


irrac. 

0 


Figure  67. 


Figure  68, 


K SPA 

YM  . ft 
when  ^5 — r = 0,  - — , 

-“REF' a \e®REF 


Break  h (Mj^ ) : 

^(T)a,,  ^^SLOPE,.  (x“J^) 


K SPA 

- M \ + K Ik  B 
SL0PE^  \ J^le^REF  ' ref 


wrier  e: 


Kc  SPA  ^ 

- Variation  of  a("— — ) with  , r-— •, 

SLOPE,.  \e^EF 


Figure  69. 


REF  a,. 


hlV£C^^  - ^ 


WSopt?/ 


when 


REF' a, 


K„  SPA 
^LE^EF 


0,  Figure  70. 

deg 


(YM\ 

— ^1  at  M = X,  first  determine  from  Figure 
<1  / cc 

between  which  Mach,  number  break  points  M = x occurs.  Let  Le 

the  lower  Mach  break  and  M Le  the  higher  Mach  break.  Compute 

hi 

(~)  at  M = X from  the  exnressicn  below. 

\ q /a 


62 
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3. 2. 1.3  Intercept  Prediction 

The  value  of  yawing  moment  intercept, at  M=0.5  is 
predicted  from  the  following  relationship. 


where : 


PRED 


(”q)a=0^  ^^‘^SLOPEi  ^‘^SLOPEj^^^  ^LE  ^INTC^ 

- Variation  of  with  Figure  71. 


SLOPE, 


- Incremental  change  in  due  to  the 

interference  effect  of  the  fuselage  for  high- 
f t . ^ 

wing  aircraft,  , Figure  72. 


LE 


K. 


INTO, 


- Distance  that  the  store  nose  extends  forward 
of  the  aircraft  wing  leading  edge  as  measured 
in  the  wing  plan  view,  in. 

- Value  of  (— ) . when  ft  Figure  73. 

\ q /ct~u  LtCj 


INTO 


K. 


- Incremental  change  in  due  to  the  inter- 

INTF 

ference  effect  of  the  fuselage  for  high-wing 
aircraft,  ft  Figure  7*<. 


Aircraft  wing  sweep  correction  factor, 

'sin  ^5°’  wing  quarter-chord 

sweep  angle. 


Example : 


Compute  the  yawing  moment  intercept,  ^ 

a 300-gallon  tank  on  the  A-7  center  pylon  at  M=0.5- 


Required  for  Computation: 
<=LOCAL  = 12T.6  in. 
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3. 2. 1.1+  Intercept  Mach  Nxamber  Correction 

The  procedure  for  calculating  the  Mach  number  correction  for 
yawing  moment  intercept  is  the  same  as  that  presented  in  Subiection  3. 1.1. 2 
for  the  side  force  slope  Mach  number  correction. 

The  yawing  moment  intercept  veu:‘iation  with  Mach  number  has  been 
approximated  by  a aeries  of  linear  segments  with  break  points  occuring 
at  Mach  numbers  defined  by  M^ , M^ , M^ , e id  M^  as  in  Fig+ire  75 . 


\q/a-o^ 


U/ct-0, 


(M) 

\ q /a«0 

i — kL^ 

“1 

! r 

! 

«0  «1 


Mach  Number 


Figure  75.  Yawing  Moment  Intercept  - Generalize*  -'ach 
Number  Variation 

The  variation  of  the  Mach  break  points  is  presented  in 

Figure  76  as  a function  of  K,  . M_  is  the  Mach  number  where 

LOC/Jj  A 0 

the  intercept  initially  deviates  from  the  intercept  predicted  at 
M*0.5.  Equations  have  been  developed  to  predict  the  delta  (incremental) 
intercept  change  from  that  predicted  at  M«»0.5  at  each  of  the  remaining 
Mach  break  points  (M^,  Mg,  M^).  These  equations  are  presented  below. 

Break  1 


where : 


^ ( q)a=0^  “ ^^LOPE^  ^LE  * ^NTC^^^  ®REF 
^SLOPE^  ' Variation  of  with 


REF'a»0, 


^LE’  liT’ 


- Defined  in  Subsection  3. 2. 1.3. 

- Value  of  — \ when  II-tp  0,  ft  , Figure  78. 


REF'a=0, 


- Defined  in  Subsection  3- 2. 1.3. 


BreaJc  2 


where : 


Tid^ 

- Store  reference  area,  -jj— , ft^ 


(Mg): 


=[(K, 


'a=0g  * ^^SLOPEj^p^^LE  ^ ^INTCg 


K, 


or  ADI?  ~ Variation  of  A /-r \ with  i.„,  ■— , 

SLOPEg 

Figure  79. 


^oTADt'  “ Incremental  change  in  K„rAr>t?  <Ine  to  the  inter- 
bLUrtjj^p  bLUPE^ 

ference  effect  of  the  fuselage  for  high  wing 
aircraft,  — ",  Figure  80. 


„ - Defined  in  Subsection  3. 2. 1.3. 

lj£t 


’^INTC  " * 

^^“^Ef'  0=0^  ^ 

Figure  8l. 


M 


INTO 


- Incremental  change  in  K_ due  to  the  inter- 
INTF  ■^‘'*^^2 

ference  effect  of  the  fuselage  for  high  wing 

aircraft,  ft..  Figure  82. 


- Defined  in  Subsection  3. 2. 1.3. 


Dn_c,  - Defined  under  Break  3. 

nbr 
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Break  3 (^2^' 


where : 


q)a=02  ^^SLOPE^^'LE  ^IMTC^^^Aj^^REF 


^SLOPEg-  Variation  in  — ) with  T^’i  Figure  83. 

^ ^^^refVo, 


i - Defined  in  Subsection  3.2.1. 3. 
Lb 


INTO, 


Value  of  when  = 0,  ft  , Figure  8U. 


REF  a»0 


K. 


Defined  in  Subsection  3. 2. 1.3. 


Sj,_„  - Defined  under  Break  1. 

nbf 


To  compute^^^^_Q  at  M “ x,  first  determine  from  Figure  76 

between  which  Mach  number  break  points  M = x occurs.  Let  be 
the  lower  Mach  break  and  Mj^^  be  the  higher  Mach  hreedc.  Compute 
/YM\ 

I — I _Q  at  M = X from  the  expression  below. 

M=x  PRED  LOW  HI 


PRED 

M=0.5 


LOW 

A numerical  example  is  liu-liuied  Ln  Su|>secUon  3.J.1.2  that 
illustrates  the  application  of  the  above  equation. 
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X^*A«<Sc' 


# , • »v  # 


Figure  "Jo.  Yawing  Moment  Intei-cept  - Mach  Number  Ereait  Points 


122 


3*2.2  Increment  - Aircraft  Yaw 

The  discussion  of  incremental  yawing  moment  caused  by  air- 
craft yaw  is  analogous  to  the  discussion  of  incremental  side  force 
found  in  Subsection  3*1.2. 


3*2. 2.1  Slope  Prediction 

The  equation  for  predicting  the  incremental  yawing  moment 
slope  per  degree  Bg,  Mach  number  of  0.5  is  presented  below. 


q)a„  ^ ^^^SLOPE,  ^SL0PE,.._^{ 


.NOSE  SPA 


^NTC^  ^ 


where 


K 


SLOPE, 


- Variation  of  incremental  C per  degree  6_ 


with 


.NOSE  SPA 


’ irr  - deg 


TT",  Figure  85. 


AK, 


SLOPE 


INTF 


- Incremental  change  in  'to  inter- 

ojjUrbj^ 


ference  effect  of  the  fuselage  for  high 


wing  aircraft,  — "" T">  Figure  86. 


in  . - deg 


S-j^gADJ.NOSE  SPA 


- Length  of  the  store  forward  of  the  local  wing 
chord  multiplied  by  the  adjusted  nose  side 
projected  area  and  divided  by  the  total  store 
length,  in^. 


INTO, 


- Value  of  AC 


n. 


Jl^^J.NOSE  SPA 
when  ; 0 , 


a 


e. 


deg^ 


, Figure  87 . 
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AK, 


- Increiaental  change  in  due  to 

XXi  10  . 

interference  effect  of  the  fuselage 
for  high  wing  aircraft,  > Figure  38. 


REF 


- Store  reference  area,  ft^. 


- Store  diameter,  ft. 


Example:  Calculate  ^ 300-gallon  tank  on  A-T  center  pylon 

at  M = 0.5  and  " +*(“. 

S 


Required  for  Computation: 

Sref  = 3.33  ft^ 
d = 2.2  ft 

n'  = .27 

^LOCAL  “ ^27.6  in. 

K,  = .811 

2/j  g = 75.1  in. 

L = 226  in. 

ADJ.NOSE  SPA  = 3109  in^  from  Subsection  * 2 


‘^SLOPE^  ^ 


^SIi^^E  ^ ^ 

bbv.bljjTF 


“^^INTF 


Substituting, 


Figure  85,+  BgCurve 


Figure  86,+  B-,  curve 


Figure  8j,+  Br.  curve 

D 

Figure  88,+  Bp  curve 
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a(~)^  = ltl.5  X 10“®  + 0»Q)('^^^*226  (-.0075) 

+ 0.0]tS.U3) 

= ^.0762  -JS4 

deg'‘ 

and  using  tlie  euuaLion  from  SuhscccLon  3.2.2 


= (-.0762  )(+*♦")  = -.305 


:-4 -.00002.  •■:.:l.  , 
n I .,1  . • 

Figure 
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85.  Incremental  Yawing  Momerxt  Slope  Due  to  Yaw 
KgLopE  Positive  and  Negative  Store  Yaw 
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86.  Incremental  Yawing  Moment  Slope  Due  to  Yaw 
K^. . Fuselage  Interference  Correction 


Figure  87.  Incremental  Yawing  Moment  Slope  Due  to  Yaw 
Foi*  Positive  and  Negative  Store  Yaw 

INTC 


...  I I.  ..  I ...|  

Figure  88.  Incremental  Yawing  Moment  Slope  Due  to  Yaw  - 
^INTC  Interference  Correction 
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3.2. 2. 2 Slope  Mach  Number  Correction 

To  compute  the  incremental  yawing  moment  slope  per  degree 
Bq»  a/'^I  , between  M = 0.5  and  M = 2.0,  use  the  equation  below. 


i 

i 


where: 


Incremental  yawing  moment  slope  per  degree 
$ predicted  at  M = 0.5,  from  Subsection  3. 2. 2.1. 

O 

Incremental  change  with  Mach  number  of  the 
incremental  yawing  moment  slope  per  degree 
gg  at  M = 0.5. 


A generalized  curve  depicting  the  incremental  yawing  moment  per  degree 
Bq  variation  with  Mach  number  is  given  by  Figure  89. 


Figure  89.  Incremental  Yawing  Moment  Slope  Due  to  Yaw  - 
Generalized  Mach  Number  Variation 

The  slope  variation  with  Mach  number  has  been  fitted  by 


straight  line  segments  with  breaks  at  Kach  numbers  defined  by 

M^  and  Mg.  The  Mach  break  points  are  presented  in  Figures  90  and  91  as  a 


i 

I 


\ 

<Cl 
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function  of  C_-..^K.  . M is  the  Mach  number  where  the  slope 

liOC/AXj  U 

initially  changes  from  the  value  predicted  at  M = 0.5*  Equations 
predicting  the  incremental  changes  from  the  M = 0.5  value  at  each 
of  the  remaining  Mach  break  points  follow. 

Break  1 ^ SPA, 


" ^SLOPEj^  ^SL0PE^,^p^ 


) 


^INTC^ 


where : 


K, 


SLOPE, 


- Variation  of  incremental  C per 

“l 


degree  Bg  with 


.NOSE  SPA 


in  - deg 


2“  , Figure  92. 


AK, 


SLOPE 


- Incremental  change  in  Kgj^Qpg  due  to 
INTF  1 

interference  effect  of  the  fuselage  for 

high  wing  aircraft,  — -"deg^  ’ 

Figure  93. 


jl„^J.N0SE  SPA 
Lb  


- Defined  in  Subsection  3.2. 2.1 


^NTC, 


- Value  of  (iC 


i AD.) . N0.SL  SPA 

when 


a 


3c 


^ , Figure  94. 


AK. 


INTO 


INTF, 


- Incremental  change  in  due  to 

interference  effect  of  the  fuselage  for 
high  wing  aircraft,  , Figure  95. 


133 


Break  2 


where : 


TTd'' 


REF 


- Store  reference  area,  “Ij“» 


- Store  diameter,  ft. 


(M2): 


V q/ct. 


f^'^SLOPEj  * “sMPEjjjjp 


^^i-LE^.NOSE  SPA  I 


K, 


SLOPE, 


Variation  of  incremental  C per 

n 

“2 


degree  Bg  with 


£j^gADJ.NOSE  SPA 


in'^  deg 


5—,  Figure  96. 


AK 


SLOPE 


INTF, 


Incremental  change  in,  ^SLOPE 

interference  effect  of  the  fuselage  for 
high  wing  aircraft , i- 


Figure  97. 


in^  - deg 


T“» 


£_ADJ-HOSE  SPA 

Lit^ 


- Defined  in  Subsection  3. 2. 2.1- 


line. 


- Value  cf  AC 


n 


when 


£ MJ. 


NOSE  SPA 


0, 


a. 


dii?  > Figure  98. 


AK, 


INTC 


INTF, 


Incremental  change  in  due  to 

interference  effect  of  the  fuselage 
for  high  wing  aircraft,  ^--^7  , Figure  99. 


13l» 


^REF 


- Store  reference  area, 


nd 


ft' 


d 


- Store  diameter,  ft . 


To  compute 


at  M = X, 


first  determine  from 


Figures  90 


and  91  between  which  Mach  number  break  points  M = x occurs.  Let  MjjQy 
the  lower  Mach  break  and  M„^  be  the  higher  Mach  break.  Ccmpute 


at  M = X from  the  following  relation. 


If  X > 1.6,  the  value  of 
value  given  at  M = 1.6. 


is  equal  to  the 


If  X < Mq,  the  value  of 


is  equal  to  the  value 


at  M = 0.5  from  Subsection  3. 2. 2.1  (the  initial  term  of  the  above 
equation) . 


Example:  Calculate  the  value  of  a 300-gallon  tank  on 

the  A-T  center  pylon  at  M = l.U  and  ==  +4°. 

Required  for  Computation: 

d = 2.2  ft 
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ri’  = .27 
^LOCAI,  "" 

K.  = .811 
^1 

^LE  = 

L = ?.26  in. 

AD.’. HOSE  SPA  =3l09in^  from  Subsection  2.3.2 

From  Figure  90  • M = 1.4  lies  between  and 
\0W  ' “1  ' \l  ' '’2  “ 


Break  1 


Kc-TADr.  =-i'?  “ 10”®  - Figu^^  92,  +a„  cui-ve 

bijUrii^  .3 


AK„.pp  = O.C 


Fig'ire  ?3,  +6g  curve 


■'irac,  = •"“S® 


- Figure  y4,  +0^  curve 


AK_,„p  =0.0  - Figure  95, +8e  curve. 


'(^)a  ""  ^ ■*■  0»Q)( 

^^1  + 0.0](8.43) 

= .0611 

aeg^ 


Break  2 (M2)j 


^SLOPE  = S.O  X 10  ® - Figure  96,  +Bg  curve 


.0088 
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Figure  93.  Incremental  Yawing  Moment  Slope  Due  to  Yaw  - 


Fuselage  Interference  Correction 


3 .2. 2. 3 Intercept  Prediction 


The  equation  for  predicting  the  incremental  yawing  moment 
intercept  per  degree  Bg»  * at  Mach  number  = 0.5  follows: 


/YM\  NOSE  SPA. 

^(T)a=0g  " ^^^SLOPE^  ^SLOPE^^pK  L ) 


" ^NTC^  " 


where : 


K, 


SLOPE, 


- Variation  of  incremental  C per 

n. 


'a=0 

Jlj^gADJ.NOSE  SPA 
’■  L ■ 


degree  $ with 

O 


Tn^  . Figure  100. 


AK, 


SLOPE 


INTF 


- Incremental  change  in  Aue  to 

DiiUr£i^ 

interference  effect  of  the  fuselage 
for  high  wing  aircraft,  'a'e'g 

Figure  101. 


•BOSE  SPA 


- Defined  in  Subsection  3. 2. 2.1, 


INTO, 


- Value  of  AC_ 


^^a=0. 


when 


.NOSE  SPA 


= 0,  ~ , Figure  102. 


AK 


INTO 


INTF 


- Incremental  change  in  due  to 

interference  effect  of  the  fuselage 
for  high  ving  aircraft,  , Figure  103. 


lU 


Sn_„  " Store  reference  area,  -4—,  ft^. 

REr  4 

d - Store  diameter,  ft. 

A munerical  example  illustrating  the  use  of  the  preceding 
equation  is  contained  in  Subsection  3. 2. 2.1. 


3 • 2 . 2 . H Intercept  Mach  Number  Correction 

The  procedure  for  calculating  the  Mach  number  correction 

for  incremental  yawing  moment  intercept  per  degree  B is  the  same 

as  that  presented  in  Subsection  3* 2. 2. 2 for  incremental  yawing  moment 

slope  per  degree  Mach  number  correction, 
o 

The  incremental  yawing  moment  intercept  variation  with 
Mach  number  has  been  approximated  by  a aeries  of  linear  segments 
with  breaks  occurring  at  Mach  ntunbers  defined  by  M^,  M^,  and  M^ 
as  in  Figure  10*4. 


m 

\ q /a*0. 


I 4/0-C 


Mach  Number 


Figure  104 , Incremental  Yawing  Moment  Intercept  Due  to  Taw  •* 
Generalized  Mach  Number  Variation 

The  variation  of  the  Mach  break  points  is  presented  in  Figures 
105  and  106  as  a function  of  is  the  Mach  number  where 

the  intercept  initially  deviates  from  the  incremental  intercept  value 
predicted  at  M=0.5«  Equations  predicting  the  incremental  changes 
from  the  M = 0.5  value  at  each  of  the  remaining  Mach  break  points 


follow. 
Break  1 


(«i). 


^2/][M  \ a[  (K  + AK 

^ \ q/a=0.  “^SLOPE, 


ADJ.NOSE  SPA  , 

) 


* ^INTC^  * ^INTCj^p  ^®REF^ 


where: 


K, 


SLOPE, 


Variation  of  incremental  C 
.^j^J.NOSE  SPA 


Vo 


per  degree 


6^  with  - 

o L 

Figure  111. 


* in^  - deg  ’ 


SLOPE 


INTF, 


Incremental  change  in  due  to 

interference  effect  of  the  fuselage 
for  high  wing  aircraft,  7~r^  ^ 


Figure  112. 


in • - deg 


.NOSE  SPA 


- Defined  in  Subsection  3. 2. 2.1. 


INTO, 


- Value  of  AC 


n, 


when 


.NOSE  SPA 


a=o. 


= 0.  ^ . Figure  H3. 


AK 


Incremental  clmnge  in  due  to 

interference  effect  of  the  fuselage 


for  high  wing  aircraft, 
Figure  11^4. 


deg  * 


REF 


Store  reference  area, 


- Store  diameter,  ft. 


To  compute  a/^)  „ at  M = x,  first  determine  from  Figure 

\ Q/ct*0o 

®S 

105  or  106  between  which  Mach  number  break  points  M » x occurs.  Let 
be  the  lower  Mach  break  point  and  M^^  be  the  higher  break  point. 
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Compute  A| 


value  at  i 

value  at 
equation) 

equation 


— I „ lit  M = X tYom  the  Toll  owing  relation. 
' q/a=0 


B. 


^=x 


e. 


Ki  “ W ^ 

n 

\ q/a=0 


Be 


y. 


HI 


*^0W 


If  X > M = 1.6,  the  value  of  A 
M = 1.6. 


q /CX=03 


is  equal  to  the 


If  X < Mq,  the  value  of 


M=x 


is  equal  to  the 


M = 0.5  from  Subsection  3.2.2. 3 (the  initial  term  of  the  above 

• 

A numerical  example  illustrating  the  use  of  the  preceding 
is  contained  in  Subsection  3. 2. 2. 2. 


151 


ir 


i 1,  i 1 ; I ! !■  i : I t I >.  I i I . i I 1 I I. 

Figtire  106.  Incremental  Yawing  Moment  Intercept  Due  to  Yaw  - 
Mach  Number  Break  Points  for  Negative  Store  Yaw 
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-TV 


3.2.3 


\ 


I 


! 


) 

I 


1 


Increnen't  - Adjacent  Store  Interference 
The  discussion  of  incremental  yawing  moment  due  to 
adjacent  store  interference  is  analogous  to  that  of  side  force 
found  in  Subsection  3.1.3. 


3. 2. 3.1  Slope  pr  edict  ion 

The  equation  for  predicting  the  incremental  yawing 
moment  slope  is  given  belov. 


where: 


W,( 


^IKTF^^INTF 


INTF 


d*  y. 


INTP 


^REF*^ 


TWiPP  T 

Kc-rr^Pr.  - Variation  of  AC  with  ■ — ~ , 
bLOPE.  d.yj^p  aeg 

Figure  115. 


diameter  of  the  interfering  store, 
ft., defined  in  Subsection  3.1.3. 


'’INTF  ^ overlap  distance,  in.,  defined  in  Subsection 

3.1.3. 


d - Subject  store  diameter,  ft. 

^INTP  ^ separation  distance,  in. , defined  in 

Subsection  3.1.3. 

TTd  ^ 

®REF  ” store  reference  area,  •'Y“  » 


A numerical  example  illustrating  the  use  of  the  above  equation  is 
found  in  Subsection  3. 1.3.1. 
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3*2. 3«2  Intercept  Prediction 


The  equation  to  predict  incremental  yawing  moment 
intercept,  ^ ~ 0*5  is  given  "below. 

^ INTF 

/YM\  /^Tnrmt>(  n) 

A ~ = (K 

\ q /a=0 

^ TMmt' 


where: 


+ AW 

SLOPE,  “^SLOPE 

1 n 


INTF 

'‘slope,  - ’'arlatlon  of 

^ ft  Figure  ll6. 


d*y 


INTF 


q ^INTF^^°°~^LE^ 

d.y^j^p 


AKslope  ~ Incremental  change  in  AC^  • with  spanwise 

store  location,  ft^  , Figure  117. 

^INTF  ~ Effective  diameter  of  the  interfering  store,  ft  , 
defined  in  Subsection  3.1.3. 

d - Subject  store  diameter,  ft. 

- Distance  from  subject  store  nose  to  local  wing 
leading  edge  as  measured  in  the  wing  plan  view, 
in. 

^INTF  ~ Store  separation  distance,  in.,  defined  in  Subsection 

3.1.3. 


Sin  Aircraft  wing  sweep  correction  factor  where 

A is  equal  to  the  quarter-chord  sweep  angle  of  the 
subject  wing. 


Example:  Calculate  A(~L  ^ ^ 300-gallon  tank  on  A-7  center 

\ <1  'd'Vjj^YF 

pylon  with  MilT  on  inboard  py3.on  at  M=0.5. 


Required  for  Computation: 
d = 2.2  ft 


l60 


4.  ' 




I 


3«2.3*3  T>/. arcept  Mach  Number  Correction 

The  equation  for  predicting  the  incremental  yawing  moment 
intercept,  a(~)  »,  between  M = 0.5  and  M = 2.0  is  given  by  the 


following  equation: 


where : 


^ M»0.5 


M-x 


\ <1 


INTF, 


- Incremental  yawing  moment  intercept  value 
M»0,5  M=0*5. 


A^(~j^_0  - Incremental  change  with  Mach  number  from 

the  incremental  yawing  moment  intercept 
value  at  M=0.5* 


A generalized  curve  depicting  the  incremental  yawing 
moment  intercept  variation  with  Mach  number  is  given  by  Figure ll8. 


Figure  ll8.  Incremental  Yawing  Moment  Intercept  Due  to  Interference  - 
Generalized  Mach  Number  Variation 


The  incremental  intercept  variation  with  Mach  number  has 
been  approximated  by  a series  of  linear  segments  with  break  points 
at  Mach  numbers  defined  by  M^,  M^  and  Mg.  The  variation  of  the  Mach 
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break  points  is  presented  in  Figures  119  and  120  as  a function  of 
. Mq  is  the  Mach  number  where  the  incremental  intercept  initially 
deviates  from  the  value  predicted  at  M=0.5*  Equations  have  been 
developed  to  predict  the  incremental  changes  from  that  predicted 
at  M = 0.5  at  each  of  the  remaining  Mach  break  points.  These 
equations  are  presented  below. 


Break  1 (M^) : 


Where: 


^SLOPE^  ^SLOPEg 


/Jl.^J.HOSE  SPAv 


INTO. 


and  additionally, 
^SLOPE^ 


- Variation  of  with 


.NOSE  SPA 


. ^ » Figure  121. 


Jlj^gADJ.NOSE  SPA 


- Defined  in  Subsection  3. 2. 2.1,  in*. 


K. 


INTO, 


- Value  of  when 


NOSE  SPA 


= 0,  T*-,  Figure  122. 
in. 


*^1NTF*INTF 


- Defined  in  Subsection  3.1. 3»  in. 


^INTC^  * ^SLOPE^- 


/S,^  JUDJ.NOSE  SPAv 

y , 


INTO, 


l6l< 


and  additionally, 


r 


! I 

i i 


K, 


SLOl-*^. 


- Variation  of  with 


.NOSE  SPA 


• figure  123. 


■I.^ADJ.nose  spa 


* ixu 


- Defined  in  Subsection  3*2. 2.1,  in*. 


K, 


INTO, 


- Value  of  when 


.HOSE  SPA 


»0,  Figure  12k. 


SreF  ~ Store  reference  area,  ft^. 


d - Store  diameter,  ft. 


K. 


sin  A 


- Aircraft  wing  sweep  correction  factor,  where  A 

equals  the  quarter-chord  sweep  angle  of  the 
subject  wing. 


Break  2 (Mg) : 


where: 


INTFg  k h .1 

Aj^gADJ.NOSE  SPAv 


^SLOPEj^  ■ ^SLOPEj 


(- 


■) 


+ K, 


INTC, 


and  additionally. 
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tirnmtimdmmmmm 


V * * ••f  ' 


^SLOFf-^-  Variation  of  with 


Hj^gADJ.NOSE  SPA 


in^ 


Figure  125- 


H JUW.NOSE  SPA 

^INTC^  " ^SLOPEj^  L 

7^,  Figure  126. 
in* 


%NTCj^  “ ^SLOPE^ 


/^^IDJ.NOSE  SPA. 

\ L r K; 


INTO, 


and  additionally, 

Ji  ^J.NOSE  SPA 

^SLOPEg  “ Variation  of  with  - , 

Figure  127. 

a JUXr.SOSE  SPA 

^INTCg  “ Value  of  when  » 0, 

Figure  128. 


To  compute  a(~)  - at  M = x,  first  determine  from  Figure  119 
T!  120  between  which  Mach  number  break  points  M = x occurs.  Let  Mj^q^  t>e 
the  lower  Mach  break  and  M^^^.  be  the  higher  Mach  break.  Then, 

compute  at  M » x from  the  following  expression. 
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at  M » X is  equal  to  the  value 


If  X > 1.6,  then  a(^)  ^ 

\ q/a*0 

obtained  at  M = 1.6. 

If  X i M-  then  a(^)  . at  M * x is  equal  to  the  value 

0 \ q /a=0ijjTF 

obtained  at  M = 0.5  from  Subsection  3.2. 3.2  (the  initial  term  of  the 
above  equation). 

A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 2. 2. 2. 


167 


3.3 


NORMAL  FORCE 


3.3.1  Basic  Airload 

The  normal  force  actinp  on  an  installed  store  is  influenced  to  a 
large  extent  by  a wing/store  interaction  not  present  in  the  lateral  plane. 
This  effect,  which  creates  em  up-load  on  the  store  body  at  low  wing  inci- 
dences, diminishes  with  angle  of  attack.  A thorough  discussion  of  this 
buoyancy  effect  is  included  in  Roferer.o** 


3. 3. 1.1  Slpoe  Prediction 

llie  variation  of  captive  store  normal  force  with  angle  of  attack 
is  defined  by  the  following  relationship. 


{%  -(f). 


PRED 


ISO 


BUOY 


where : 


( q')a  " ^SLOPE^  ^^‘^1 


BUOY 


and: 


VAR,  = F„.,_  K,  K.  (---V  AREA 

1 A iiiTF  L/C  \ q 'a 

*1 1 — ^ 


AREA  = 


ISO 

( AD J . PPA  - (I-K7.)  (ADJ.  PPA  FWD.  OF  WING)) 


The  parameters  in  the  above  equations  are  defined  below. 
cos  A 

“ 003  )i5° 

where  A is  the  sweep  angle  of  the  quarter- 


K 


Aircraft  wing  sweep  correction  factor, 


chord . 


' q 


(f). 


ISO 


- Initial  nonnal  force  slope  prediction. 


ft 


deg 


Subsection  P. 


INTC, 


-(^■)a  VARi  = 0,  Figure  130. 


ft.‘ 


BUOY 


17>» 


3L0PE, 


Change  in  with  respect  to  VAR]^, 

(f)c 


BUOY 


9/1^ 
q la 
BUOY  , 

9VARi 


in. -deg. 


, Figure  1?9- 


K 


INTF 


Interference  correction  factor  based  on 
the  distance  from  the  edge  of  the  store 
to  the  aircraft  fuselage  (n'  = for 
high  wing  aircraft,  Figure 


L/C 


Correction  factor  based  on  the  ratio  of 
store,  length  to  local  chord,  Figure  131. 


Interference  correction  factor  based  on 

minimiim  clearance  distance  cetvee-n 

IiiLhr 

the  ailed  .:tore  and  tit’  inlet  fur  air- 
;raft  -wHh  side  InJotr,  Figure  1^3. 


ADJ.  PPA 


- Adjusted  plan  projected  area,  in.^,  see 
.Ouhseot.ion  P.3.2. 


AJD.  PPA  P.flD. 
OF  WIHG 


- That  part  of  the  adjusted  plan  projected 
area  forward  of  the  wing  leading  edge , 
in.^,  see  Subsection 


- Store  diameter,  in. 


Example : 


Compute  (“j^  for  a 300-guilon  tank  on  the  A-7  center  wing  pylon, 


Required  for  Computation: 
r,  - .!.I» 

"LOfAL  = i„. 


■> 


K.  .22141^,1,158 


Ag  COB  45^ 


(^LOCAL 

ADJ.  PPA  = 13,618.  in  ^ 

ADJ.  PPA  Pwd.  of  Wing  • 9897.  in  ^ 

d = 26.5  in. 


n'  = = .270 


"CHF(T)a 


ft 


deg 


- Subsection  2.3.2 


ISO 


INTO, 


.11+8 


ft 


deg 


- Figure  130 


^SLOPE^  ■ in  .-deg. 


- Figure  129 


^INTF  “ 


- Figure  132 


^/C 


= 1.28 


- Figure  131 


K * N.A. 

z 


=<  (1.158)(. 711+)  - ((.11+8)  + 

PRED  { .0043)(1. 158)2(1. 0)(1.28)(  .714 ) 


,13618-9897 


■.061 


ft 


/W\ 

\ q/a  deg 


PRED 


Figure  130.  Normal  P'orce  Slope 


I. ......  , 

for  Mach  Number  0.5 

INTC^ 
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3. 3. 1.2  Slope  Mach  Humber  Correction 

To  compute  the  slope  of  c&ptive  store  normal  force  as  a 
function  of  angle  of  attack  at  a Mach  number  between  M * 0.5  and 

M = 2.0,  U.SO  t:lK*  fol  Lowing  equation. 


M=x  FRED  M-x 

where : 

^T)c 

M»x  M 

We  define  the  generalized  curve  of  the  variation  of  Cj^  with  Mach 

Ct 

number  as  having  the  shape  given  in  Pig\ire  137. 

■ f (K  , K.  . ABJ.  PPA, 

^ MI-0.7  MI-0.0  ^ ^ 

see  Figure  136. 
where : 

MI  - Mach  Index,  defined  u the  difference  between  the  actued 

/NF\ 

ftech  number  and  the  Mach  number  where  deviates 

from  the  subsonic  M-0.5  value  (MI*0),  FigiSc’e  1314, 

Km  - Curve  shape  factor  based  on  Mach  Index,  Figure  137. 

- store  reference  eu*ea,  — [p  , ft  ^ 

Ky.  - Spanwise  correction  factor  based  on  H,  Figure  135. 

M 


Example : 

Compute  at  M-1.2  for  a 300-gallon  tank  on  the  A-7  center 

wing  pylon. 

Required  for  Computation: 

n = .1»18 

W - 1ST. 6 in. 
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- Subsection  3 -3. 1*2 


ADJ.  PPA  ■ 13,618  in  2 
* 3.83  ft  * 

REF 

= UU  deg 


FIN 


-.061 


ft  ^ 

deg 


PRED 


*Scc»o,o  * 

MI  « 1.2  - .8  ■ .1+ 


Km  - .92 
^HM  * 


Kn  Ka^ADJ.PPA 

109  in. 


Clocal" 


Ch^  - .057 


(?)a 


-.061  + (3.83)(.92)(.057) 


M-1.2 


{% 

M-1.2 


.139 


ft  ^ 
deg 
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* # - tv 


■ Figure  13^ 

- Figure  137 

- Figure  135 

- Figure  136 


Figure  13T-  Normal  Force  Slope  - Mach  Index  Curve  Shape 
Variation 


3.3.1. 3 Intercept  Prediction 

The  value  of  captive  store  nomal  force  at  a « 0 Is  calculated 
using  the  following  equation. 


where 


m 


q/OmO  “REF 
PRED 


INTO, 


K, 


SLOPE, 


( ‘'iHTC 

"x/c  ) 

/ NF  \ 

- Value  of  (r^ 1 at  ^rr,*0,  Figure  138. 


-REF' 0-0 


- Variation  of  — ] with  respect  to 


REF  O«0 


8/  NF  \ 

''ISrep^-O 


• .0109 


in. 


LE 


- Distance  from  the  nose  of  the  installed  store  to 

the  wing  leading  edge  measured  in  the  wing  plan  view,  in. 


^^INTC  “ correction  based  on  pylon  height,  Figure  139- 

Z 


x/c 


Intercept  correction  factor  based  on  x/c„t  for  the 

Mu 

instaJ-led  store.  Figure  1^40. 


~ Intercept  correction  based  on  the  installed  store 

llliu  ! 

' cross  sectional  area,  Figure  1^41. 


Example : 


Calculate 


for  a 300-gallon  tank  on  the  A-T  center  wing  pylon. 


Required  for  Computation: 

tMOAL  = 

Z = 23  in. 
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^LE  * ^5*1  in* 

• 18  - Flgxire  138. 

0 - Figure  139 

- Figure  lUo 
■1.12  - Figure  llil 

3.83  (1.18+(-.0109)(1.158)(T5.1)  + + (O)  U*12)) 


.888  ft  2 


Figure  139.  Normal  Force  Intercept  - Pylon  Height  Correction 


Figure  lUl,  Normal.  Force  Intercept  - Chordwiae  Position  Correction 


3.3.1.U  Intercept  Mach  HvTaftr  Co:nrectlon 

To  compute  the  relue  of  captire  normal  force  at  oiaO  betveen 

M = 0.5  and  M = 2.0,  use  Che  ColJ owing  equacion. 


O«0 

M»x 


/Ni)  + 

\ a /a-0  \ q h 


PRED 


q/Ct-0 
M*x 


where : 


a/NFN  , ^REF  ^SLOPEl  ^ 

U /«-0  “ /cL 

M=x  n' 


MI 


Mach  Index,  defined  as  the  difference  betveen 

the  actual  Mach  number  and  the  product 

(NF  \ 

— ja^o 

deviates  from  the  subsonic  M*0,5  value 
(MI-0),  Figure  134. 


SLOPE, 


Spanwise  correction  factor  to  the  Mach 
nxmber  at  MI»0,  Figure  145 . 


Variation  of  respect  to  MI, 

9A/NF\  Vl/ci-0 

^iN>  ajdj-  nose  PPA, 
ADJ . FIR  PPA) , ft  2 , Figure  142 , 


\/d 


->  Slope  correction  factor  baaed  on  the 
ratio  of  store  nose  length  to  store 
diameter,  Figure  143. 


Sin 


ADJ.  NOSE  PPA 


~ Fin  area  correction  factor  based  on  the 
ratio  of  y/Y,  Fig\ire  l44. 

- Adjusted  nose  plan  projected  area,  in 
see  Subsection  2.3.2. 


[ADJ.  FIN  PPA]^'(®"^*i  - Adjusted  fin  plan  projected  area 

between  x/c*1.0  and  x/e*l.l,  in  2,  see 
Subsection  2.3.2. 


193 


Example: 


Compute  M-1.2  for  a 300-gallon  tank  on  the  A-7 

center  wing  pylon. 


Required  for  Computation: 

n = .^18 


^LOCAL  " 

-- 

“2 

= 1.158 

®REP 

= 3.83  ft  ^ 

ADJ. 

NOSE  PPA  = 10,568 

in  2 

[ADJ. 

Fin  - 

x/c»1.0 

1387  in  2 

in  - 

d 

3.74 

68.2  _ ->0 

Y 

203.4 

'Vin 

- 44  deg 

0.0  ° 

- 

Figure  134 

“ .9 

/ 

Figure  145 

MI  « 

1.2-(.9)(.8) 

MI  1 

.48 

Sin 

» 4.0 

- 

■ Figure  l44 

ADJ. 

NOSE  PPA  „ r ADJ.  PIN 

PPAf'^°'^*^ 

Sref 

' 1 ^REF 

1 

x/c*1.0 

(ifss)  ■ 

10568 

(3.83)(1.158)^ 


I9I* 


\ 


.1%  ■*«>- 





Normal  Force  Intercept  - Incremental  Coefficient 
Variation 


3.3.2  Increment-Aircraft  Yaw 

The  general  discussion  of  incremental  effects  due  to  aircraft 
yaw  for  normal  force  slope  and  intercept  is  similar  to  that  of  incre- 
mental side  force  as  found  in  Subsection  3.1.2. 


3. 3. 2.1  Slope  Prediction 

The  equation  for  predicting  the  incremental  normal  force 
/NF\ 

slope  per  degree  Bg>  , for  M = 0.5  is  as  follows: 

\ 


where : 


^\q/ag  “ ^^^SLOPE^  “^INTC^ 

S 

^REF 


“ Variation  of  incremental  per  degree  6^.  with 

'l 


^SLOPE,  ...... ^ 

1 , I a 


"LE’  in. -deg 


r>  Figure  146. 


- Incremental  change  in  due  to  interference 

SLUrb-j.— _ SLOPll/j^ 


effect  of  the  fuselage  for  high  wing  aircraft, 

T— ^7— T,  Figure  l47 . 
in . -deg 


LE 


Distance  that  the  store  extends  forward  of  the 
wing  leading  edge  measured  along  the  store 
longitudinal  axis,  in. 


INTO, 


Value  of  AC.,  when  „ = 0,  ■ ■ ^ , Figure  l48. 

N LE  ’ deg  ^ 

“r 

^S 


AK 


INTO 


INTF 


- Incremental  change  in  due  to  interference 

effect  of  the  fuselage  for  ^igh  wing  aircraft, 

1 


deg 


T>  Figure  1^9 . 


199 


2 


REF 


- Store  reference  area, 


Tid 

It 


2 


ft 


Example ; 


Compute  A 


(-) 

\ q/a 


at  and  (3c 


for  a 300-gallon  tank  on  the  A-T  center  pylon 
=It°. 


Required  for  Computation: 

Sref  = 3.83  n “ 


n'  = .27 
^LE  = 

^LOCAL  = 

K.  = 1.158 
^••2 

in. 

Slope,  = 

- Figure 

^Slopf  " 

SL0PEij^,,,F 

- Figure 

K = .0030 

IIITC,  ^ 

- Figure 

=0.0 

- Figure 

1*46, 

+8. 

curve 

l*i7, 

curve 

1*48, 

curve 

1*'9, 

curve 

Substituting, 


a(~)  = [(-00011+0.0)  (75.1)  + .0030  + O.O]  3.83 

V q/ctc 


8 


c'  ■ ft 

= -.0201  ^ 


deg 


and  using  the  equation  of  Subsection  3.3.2 
\q/a  \q/ag  o 


= (-.0201^  {k}  = -.080*4 


deg 


3. 3. 2. 2 Slope  Mach  Humber  Correction 

To  compute  the  incremental  normal  force  slope  per  degree 
, between  M=0.5  and  M=2.0,  use  the  equation  below. 


+ 


where : 


- Incremental  normal  force  slope  per  degree  S,., 

u...  ..  predicted  at  M=0.5j  from  Subsection  3. 3. 2.1. 

M=  • 5 

_ Incremental  change  with  Mach  number  of  the 

\ q/ag 

'^S.,  increme>'tal  normal  force  slope  per  degree  3,, 
M=x  o 

at  M=0 . 5 • 


A generalized  curve  depicting  the  incremental  normal  force  varj.at.3n 
with  Mach  number  is  given  by  Figure  150. 


Figure  150. 


Incremental  Normal  Force  Slope  Due  to  Yaw  - 
Generalized  Mach  Number  Variation 


The  incremental  slope  variation  with  Mach  number  has  been  J’ltted 
by  a series  of  linear  segments  with  breaks  at  Mach  numbers  defineu  by 
M^, 


M . and  M,  . The  Mach  break  points  are  presented  in  Figures 
3 ^ CinpAT 

uuoai/  Mach  number  where  the 

o 


M^,  M^,  . *2 
151  and  152  as  a function  of 


slope  initially  changes  from  the  value  predicted  at  M=0.5-  Equation.^ 
predicting  the  incrementsil  changes  from  the  M=0.5  value  at  each  of  the 
remaining  Mach  break  points  follow. 
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I 


Break.  1; 


f'ADJ.PPA 
i L 


■"  ^“INTC^  " ^REF 


'SLOPE, 


- Variation  of  incremental  C‘ , per  degree  Be-  with 


ALJ.PPA 


L ’ in. -deg. 


Figure  153. 


- Incremental  change  in  aue  Interl’erence 

SLOP:^ 

1 effect  of  the  fuselage  for  high  wing  aircraft, 


in . -deg 


Figure  15li . 


ALJ.PPA 

L 


- Adjusted  plan  projeoteu  area  divided  ty  stere 
length,  in. 


, ALJ.PPA  „ 1 ...  ,r.- 

- Value  of  ACj^,  when  r = 0,  > iigure  155. 


- IncreiTiental  change  in  .K^Moir.  interference 

X ii  1 V . 

effect  of  the  fuselage  for  nigh  wing  aircraft, 


, Figure  156. 


rd^  ? 

- Store  reference  area,  — jp,  ft 


Break  2: 


'■{-) 

\ q/a. 


^^‘^GLOPE^  L^^^) 


'^INTCg  ^^REF 


Break  4 


where : 


AK, 


Incremental  change  in  due  to  interference 


effect  of  the  fuselage  for  hfgh  wing  aircraft, 
^ -TT-,  Figure  l62. 


in .-deg. 


ADJ.PPA 


Adjusted  plan  projected  area  divided  by  store 
length,  in. 


K 


liJTC. 


- Value  of  ACp  when 


ADJ.PPA 


a. 


Figure  l63. 


deg 


AK 


INTC 


INTF, 


Incremental  change  in  due  to  interference 


effect  of  the  fuselage  for  Kigii  wing  aircraft, 
^ 'T>  Figure  l64. 


deg 


REF 


Store  reference  area,  — j — , ft. 


Mm 


\ q/a. 


iiv:  + AK-  ) /ADJ.PPA 

^^‘^SLOPEj^  \ L / ' “IHTC^ 


)+  K. 

I IHTC 


"SLOPE, 


- Variation  of  incremental  Cfj  per  degree  witn 
ADJ.PPA  1 

7 i Tj  Figure  loi>. 

L ’ in.-deg.“’  ^ 


AK, 


SLOPE 


IKTF, 


Incremental  change  in 
)f  the  fuselage 
-r,  Figure  l66. 


due  to  interference 


effect  of  the  fuselage  for  high  wing  aircraft , 
1 


in .-deg. 


ADJ.PPA 


- Adjusted  plan  projected  area  divided  by  rture 
length,  in. 


206 


INTC, 


- Value  of  AC 


N 


Figure  167. 


. ADJ.PPA  ^ 1 

when  = 0,  ^ r> 

L deg 


AK 


INTC 


INTF. 


- Incremental  change  in  due  to  interference 

effect  of  the  fuselage  for  high  wing  aircraft, 
Figure  168. 


REF 


Tld^ 


Store  reference  area,  , 


ft 


To  compute  S’t  M=x,  first  determine  from  Fig.  15I  or  152  between 


which  Mach  number  break  points  M=x  occxirs.  Let  Mlqw  lower  Mach 

(NF\ 

— at  M=x  from 

the  following  relation. 

a/NF\  _ JNF\  ^ a2/NF\  ^ / X - ‘’^LQW  \ 

^U/ctQ  Hq/cifi  ( q/a^  lM,,^-M.^Qy) 


M=x 


"M=.5 


\ow 


,a(NF)  _ ,2/m  I 
\ qloLn  \ q /Uq  J 


^'^11 


"M, 


LOW 


at  M 


If  X > M = 1.6, 
1.6. 


equal  to  the  value  of  A 


If  X < M , 
— o 


equal  to  the  value  of 


at 


M = 0.5  from  Subsection  3. 3. 2.1  (the  initial  term  in  the  above  equation). 

A numerical  example  showing  the  use  of  the  above  equation  is 
contained  in  Subsection  3. 2, 2. 2. 
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; : f ::  j:;t 
TT7. i » '*TrrnTn 


Figure  Ibl.  Incremental  Normal  Force  Slope  Due  to  Yaw  - 

Mach  number  Break  Points  for  Positive  Store  Yaw 


V •*' 


Figure  157  < Incremental  Normal  Force  Slope  Due  to  Yaw  - 
^SLOPE  Mach  Break  2 


Fif'ure  Tifi.  IncremenLal  Normal  Force  Slope  Due  to  Yav;  - 
■'fiMi,  l-useln<*f  luLerference  Correction 


o“: 


Figure  162 1 Incremental  Normal  Force  Slope  Due  to  law  - 

Fuselage  Interference  Correction 

SLOP ju- 


21  u 


• V *- 


ig\ire  J.66.  Inc^’enentai  Normal  Force  Sj.ope  Due  to  Yaw- 

K_, Fuselage  Interference  Correction 
cjLvI  h». 


?lb 


VV.W  V 


INTO 


3-3. 2. 3 Intercept  Prediction 

The  equation  for  predicting  the  incremental  normal  force 
/NF\ 

inteicept  per  degree  6^,  q jctsOg  > for  M=0.5  is  presented  below. 


^(q)a=0„  " ^^^SLOPE,  ^’^SLOPE 


) 


» SLOPE,  SLOPE  SLOPE^™„'  LE 

Bo  1 n intf 


wnere : 


:lope. 


‘^INTC  ^'^INTC  J ^HEF 

1 n J.HTP 


- Variation  of  incremental  C,  per  degree  with 

« *•  - -J 

^TL>’  5 » Figure  159 • 

LE  in. -deg.’  ^ 


AK„ 


LOPE, 


- Incremental  change  in  due  to  spanwise  irtore 

oLUi 

location,  ; , Figure  ITO. 

’ in. -deg.’ 


AK 


;lope 


- Incremental  change  in  K„,  due  to 
INTF  oLOrr#^ 

interference  effect  of  the  fuselage  for  nign  wing 


aircraft,  ■: 1 , Figure  ITl- 

in. -deg.’  ^ 


■''INTO, 


- Value  of  AC.. 


u=0. 


when  i. „ 
LE 


0,^  > 


IHTC, 


- Incremental  change  in  due  to  store  spanwise 

location,  , Figure  1T3. 


AK 


INTO 


IIJTF 


- Incremental  change  in  clue  to  inter ferenje 

lU  it, 

effect  of  the  fu.selage  for  high  wing  aircraft, 

, Figure  IT^t . 

deg 


REF 


store  reference  area,  ft  ^ 
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Example : 


Compute  A^— ]^_Q  for  a 300-gallon  tank  on  the  A-7 
at  M=0.?  and  Bg=^°- 
Required  for  Computation: 


^REF 


3.83  ft  ^ 


center  pylon 


n'  = .27 
^LOCAL  "" 


127.6  in. 


K.  = 1.158 

4 = in. 


n = .lil8 


K 

^ -.0008 

- Figure  I69, 

+ 

curve 

SLOPE^ 

^^SLOPE 

n 

= -.0010 

- Figure  170, 

+ 

6. 

curve 

AK 

= 0.0 

- Figure  171, 

+ 

curve 

^LOPEi,^F 

^INTCj^ 

= .080 

- Figure  172, 

+ 

,'urve 

^^IHTC^ 

n 

= .060 

- Figure  I73, 

+ 

Bo 

0 

curve 

'^iriTF 

= 0.0 

- Figure  I7lt, 

+ 

curve 

Substituting, 


[(-.0008  - .0010  + 0.0)  (J5.1)  + .080  + -OtO 
+ 0.0]  3.83  = .0192  ^ 


and  using  the  equation  of  Subsection  3.3.2, 

a/NF\  _ ♦ R 

^\l/oL=0  \q/ct=0g  S 

S 

= (.0192)  (1»)  = .0768  ft 
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Figure  172.  Incremental  Normal  Force  Intercept  Due  to  Yaw 
K for  Positive  and  Negative  Store  Yaw 


Figure  1T3*  Incremental  Normal  Force  Intercept  Due  to  Yaw 

Spanwise  Position  Correction 


iWMWsm^ 


Figure  1J4.  Incr mental  Normal  Force  Intercept  Due  to  Yaw 

Fuselage  Interference  Correction 


3. 3. 2. 4 Intercept  Mach  Number  Correction 

The  procedure  for  calculating  the  Mach  number  correction  for 
incremental  normal  force  intercept  is  similar  to  that  presented  in 
Subsection  3. 3. 2. 2 for  incremental  normal  force  slope  Mach  number  correction. 

The  incremental  normal  force  intercept  variation  with  Mach 
number  has  been  approximated  by  a series  of  linear  segments  with  break 
points  occurring  at  Mach  numbers  defined  by  M^,  M^,  M^,  and  Mj^  as  in 


Figure  175*  Incremental  Normal  Force  Intercept  Due  to  Yaw  - 
Generalized  Mach  Number  Variation 

lilt'  variation  of  tlie  Macli  l>ri*ak  points  is  in  esented  in  I'ivuro;-  I?*”'’  and  177 

as  a function  of  • M is  the  Mach  number  where  the  intercept 

KA2  0 

initially  deviates  from  the  value  predicted  at  M=0.5*  Equations  have 
been  developed  to  predict  the  incremental  change  at  each  of  the  remaining 
Mach  break  points.  The  equations  are  as  follows: 

Break  1 (M^): 


\ q/a=0 


= l(K, 


SLOPE, 


+ AK, 


V /ADJ.PPA\ 


+ AK 


INTC 


1 S 


INTF, 


REF 


where; 


K, 


SLOPE, 


AK, 


SLOPE 


- Variation  of  incremental  Cjj  per  degree  with 


ADJ.PPA 


L ’ in . -deg . 
Incremental  change  in  K, 


a=0i 
, Figure  178. 


INTF 


SLOPE, 


due  to  interference 


1 effect  of  the  fuselage  for  high  wing  aircraft, 


ir .-deg. 


, Figure  179  • 
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ADJ.PPA 


K 


INTO, 


- Defined  in  Subsection  3. 3. 2. 2 

,r  . ADJ.PPA  ^ 1 

- Value  of  AC„  when  ; = 0,  — , 

N 0 ^ ’ deg  ’ 

Figure  l80 . 


TC 


INTF, 


Incremental  change  in  due  to  interference 

INTO.. 

effect  of  the  fuselage  for  nigh  wing  aircraft, 

, Figure  l8l. 

deg 


REF 


TTd^ 


- Store  reference  area, 


ft 


Break  2 (M2) 


where  1 


\ a /oL=0, 


K, 


SLOPE, 


^^^SLOPEg  '^^SLOPEjj^^p  ^ ( L ) * ^INTC2 

^ ^^INTC  ^ 

^^■^^INTF2 


Variation  of  incremental  , per  degree  B- 
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hetueen  which  Mach  numher  hrelk  points  M-x  occurs.  Let  he  the 

lover  Mach  break  and  he  the  higher  Mach  break.  Compute 
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at  M = X will  be  equal  to  the  value  of 


If  X > M = 1.6, 

If  X < M , a(— ) . at  M = X will  be  equal  to  the  value  of  A(— V ^ 

- o \ q/a=0o  ^ \q/a=0„ 

at  M = 0.5  (the  initial  term  in  the  above  equation  from  Subsection  3. 3. 2. 3). 

A numerical  example  is  found  in  Subsection  3. 2. 2. 2 that  illustrates  the 
use  of  the  above  equation. 
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Figvire  l8l.  Incremental  llormal  Force  Intercept  Due  to  Yaw  - 


^iirac. 


Fuselage  Interference  Correction 


Figure  190.  Incremental  Normal  Force  Intercept  Due  to  Yav  - 


KgLOPE  Break 


3*3.3  Incr<iaent  - Adjacent  Store  Interference 

The  discussion  of  normal  force  slope  and  intercept  incre- 
ments due  to  adjacent  store  interference  is  similar  to  that  of  side 
force  found  in  Subsection  3.1.3. 

3. 3. 3.1  Slope  Prediction 

The  equation  to  predict  incremental  normal  force  slope, 
a(— )^,  for  M = 0.5  is  given  below. 
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example  illustrating  the  use  of  the  above 
Subsection  3.1. 3.1. 
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3*3.3  Increment  - Adjacent  Store  Interference 

The  discussion  of  normal  force  slope  and  intercept  incre- 
ments due  to  adjacent  store  interference  is  similar  to  that  of  side 
force  found  in  Subsection  3.1.3. 
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A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3.1. 3.1. 
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3.3. 3*2  Slope  Magh  Number  Correction 

To  compute  the  variation  in  incremental  normal  force  slope, 
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A generalized  curve  illustrating  the  incremental 
norcial  force  slope  variation  with  Mach  number  is  given  by  Figure  196 


Figure  196.  Incremental  Normal  Force  Slope  Due  to  Interference 
Generalized  Mach  Number  Variation 

The  incremental  slope  variation  with  Mach  number  has  been 
approximated  by  a series  of  linear  segments  with  break  points 
occurring  at  Mach  numbers  defined  by  M^,  M^,  Mg,  and  M^.  The 
variation  of  the  Mach  break  points  is  presented  in  Figure  197 
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slope  initially  deviates  from  the  value  predicted  at  M = 0.5. 
Equations  to  predict  the  incremental  changes  at  the  remaining 
Mach  break  points  are  presented  below. 
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To  compute  a/~)  at  M = x,  first  determine  from  Figure  197 
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— ) at  M = X equals  the  value  obtained 

q '®intf 

in  Section  3.3.3.1  (the  initial  term  of  the  above  equation). 


A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 2. 2. 2. 
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3 . 3 . 3 . 3 Intercept  Prediction 

The  equation  to  predict  incremental  normal  force  intercept, 

/m  M = 0.5  is  given  helow. 
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INTF 


- Store  reference  area,  ft^. 

A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3.1. 3.1. 
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Figure  20?.  Incremental  Noniiul  I-'urce  intercept  Due  to  Interference  - K 
for  Inboard  and  JutOourd  Avljacent  Store  Interference  M=0.5 
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Intercept  Mach  Number  Correction 

The  procedure  to  compute  the  incremental  normal  force 
intercept  between  M ■ 0.5  and  M = 2.0  is  similar  to  that  of  incre- 
mental slope  as  found  in  Subsection  3. 3. 3. 2. 

A generalized  curve  depicting  the  incremental  normal 
force  intercept  variation  with  Mach  number  is  given  by  Figure  206. 
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Figure  206.  Increnental  Normal  Force  Intercept  Due  to  Interference  - 
Generalized  Mach  Number  Variation 


The  incremental  intercept  variation  with  Mach  number  has 
been  approximated  by  a series  of  linear  segments  with  break  points 


occurring  at  Mach  numbers  defined  by  M^,  M^,  M^,  and  M^.  The 


variation  of  the  Mach  break  points  is  presented  in  Figure  207 


as  a function  of 


^LOCAL 

^ . M is  the  Mach  number  where  the  incremental 
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intercept  initially  deviates  from  the  value  predicted  at  M = 0.5< 
Equations  to  predict  the  incremental  changes  at  the  remaining 
Mach  break  points  are  presented  below. 
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. ^ i..v  ADJ.PPA  1 

^SLOPE.  ' Variation  of  with  — , . 

Figure  210. 


_ Defined  in  Subsection  3. 3.2.2,  in. 

Tjt 


V*'**  .■e" 


'^niTC,  ■ 0^“  ^SLOPE,  L " °’ 


^IMTF(^INTF  ~*~ 


xy 


INTF 


- Defined  in  Subsection  : 


SreF  ~ Store  reference  area,  ft^. 


Break  3 (M^): 


where: 


a2/NF\  - K (*^INTF<^INTF 

\q/a=0  “ '^SLOPE^.  / 

INTF  5 INTF 


REF 


^SLOPE^  “ ^SLOPE 


/ADJ-PPA\,  „ 

L / ^INTC^ 


and  additionally, 

/ 


^SLOPE.  “ Variation  of  Kgj^Qpg  with 
° Figure  212.  ^ 


ADJ.PPA 


- Defined  in  Subsection  3. 3. 2. 2,  in 


^INTC.  " ^SLOPE_  L ° 

D 5 


^INTF(^INTF 


>”  Defined  in  Subsection 


INTF 


TTcL^ 

Sref  " Store  reference  area,  ft^. 


It  • 
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Figure  211. 


.1.3. 


1 


, Figure  213. 


3.1.3. 


To  compute  at  M = x,  first  determine  from  Figure  20T 

between  which  Mach  number  break  points  M = x occurs.  Let 

LiOW 

be  the  lower  Mach  break  and  M^^^  be  the  higher  Mach  break.  Then 

(NF\ 

at  M = X from  the  fol3.owing  equation. 

INTF 

LOW 

hIfU  -4fU  I 

INTF„  INTF^ 

^LOW 

(NF\ 

"T')a“0  ^ ^ equals  the  value  given 

at  M = 1.6.  INTF 


(hf\ 

~7rlr.-r\  at  M = X equals  the  value 

q/a-Ojjj^p 

obtained  in  Subsection  3. 3. 3.1  (the  initial  term  of  the  above  equation) 

A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 2. 2. 2. 


Figure  209.  Incremental  Normal  Force  Intercept  Due  to  Interference  - K_ 

for  Inboard  and  Outboard  Ad,1acent  Store  Interference  ' 2 , 


PITCHING  MOMENT 


3,k 

3.^.1  Basic  Airload 

The  installed  store  pitching  moment  is  also  influenced  by  the 
buoyancy  effect  discussed  in  Subsection  3.3.1  and  Reference  5. 

The  pitching  moment  data  are  referenced  aiong  the  store  centerline  at 
the  mid-lug  location. 

3. It.  1.1  Slope  Prediction 

The  variation  of  captive  store  pitching  moment  with  angle  of 
attack  is  defined  by  the  following  relationship. 

rf).  *(f). 

PRED  ISO  BUOY 

where : 

l^\  - q k /k  + /^LOCALU 

\q/a  “ REF  '^INTF'^  INTC  SLOPE  \ K.  // 

BUOY  I hg 

The  parameters  in  the  above  equations  are  defined  below, 

- Aircraft  wing  sweep  correction  factor 
where  A is  the  sweep  angle  of  the  quarter- 
chord. 

- Initial  pitching  moment  slope  prediction, 

ft. see  Subsection  2.3.3. 
deg. 

- Store  reference  area,  ird^ , ft.^. 


K.  = 


COB  A 


Ag  cos  450 


ISO 


REF 


- Interference  correction  factor  based  on  the 
ratio  of  the  distance  from  the  fuselage 
to  the  store  centerline  and  store  dia- 
meter,-^, for  high  wing  aircraft.  Figure  215. 
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REF 'a 
BUOY 


SLOPE, 


- Change  in  — ) with  respect  to 


REF'  a 

BUOY 


= .00260  •— 


"LOCAL  BUC 

"a,  ’ , (f|p) 
>'2 


Compute  ( — )(,  fot  » 300-gallon  tank  on  the  A-7  center  pylon. 


Required  for  Computation: 

n = .^18 

C^.-.T  * 127 » 6 in. 

LOCAL 

K.  * — ^ = 1*158 

C09  45^ 

®REP  ' 3.83  ft.^ 

i - 2.57 

NOSE  PPA  = 1630,  in.^ 

PPA  = 5OOT  in.^ 

If.  = 3.7l» 

a 

3 

K = 1.333  - Section  2.3.3 

Cp,,,  \q/a  <ieg. 


^NTF 


- Figure  215 


ROSE  PPA  Lq  _ (I622.)  (3.7U)  » 1.22 
PPA  d ^5007' 


■ir' 


- Figure  2ll* 


^INTC^  ' 
^SLOPE^ 


.1*85 


ft 

deg 


.00260 


ft 

in, -deg. 


therefore : 


and; 


(^)a  ^ ®REF  ^INTF  ( ^INTCj^  ^SLOPE^(  ) j 


BUOY 


(21)^  = ( 3.83  ) (1,05  ) (-.>+85  + .00260  ( no  ) ) = -.800 


ft  ^ 
deg 


BUOY 


(?)„  (f ) c M?)  . 


^ “2  “PM 

PRED 


ISO 


BUOY 


(^)  = 1.158  (1.333)  - .800  = .T>+>+ 

\ q / a 


£L_ 

deg 


PRED 
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1 I r lilflitiMiiliirilllrillifl  itf 


3. **.1.2  Slope  Mach  Number  Correction 


To  compute  the  variation  in  pitching  moment  slope  with  angle 
of  attack,  between  M=0.5  suid  M=2.0,  nsi-  fliu  rolIovLii}-  equation. 

(PM)  = (PM)  , ,(PM) 

V q /a  V q /a  V q /a 


M=x 


PRED 


M»x 


where : 


^(~)a  increment  in  pitching  moment  slope  at  M=x. 


M=x 


The  generalized  curve  of  the  variation  of  (~^(^  with  Mach 
number  is  given  by  Figure  2l6. 


Figure  2l6.  Pitching  Mooent  Slope  - Generalized  Mach  Number  Variation 


The  slope  variation  with  Mach  number  is  approximated  by  a 

series  of  linear  segments.  Each  Mach  number  where  the  line 

segments  change  slope  is  designated  a break  point.  The  first  break 

point  is  defined  as  the  Mach  number,  M , where  the  value  of  ^ 

o’  \ q/a 

deviates  from  the  subsonic  M*=0.5  value.  The  variation  of  the  Mach 
break  points  is  presented  in  Figure  217  as  a function  of 
Equations  are  presented  to  calculate  the  incremental  slope  change 
at  each  of  the  Mach  break  points.  This  increment  is  defined  as  the 
difference  In  pitching  moment  slope  at  a Mach  break  point  and  the 


2S2 


V 


M=0.5  value  of  This  increment  is  zero  at  by  the 

definition  of  M^.  Equations  are  presented  below  to  compute  the  in- 
cremental slope  changes  at  Mg,  and  M^. 


Break  1 (M^) : 


where ; 


q )ai=(^INTC^  * ^ ^SLOPE^  ( i 


K PPA 
^'PM 


, - Value  of  d I 

^ Figure  219* 


/ PM  \ 

\ 9LSt3T:>ri  I, 


REF  'an 


/K  PPA\ 

. / PM  l_  ^ ft. 

“‘rT7~ 


^*S:NTC  " correction  based  on  the  ratio  of  store 

length  to  local  chord,  , Figure  220. 

LOCAL 


SLOPE, 


- Variation  of  — ) 


Figure  218. 


REF' a. 


K_  PPA 
^PM 


in. -deg. 


Kp  - Defined  in  Subsection  2.3.3,  ft. 

PM 


- Plan  projected  area,  see  Subsection  2.2.2,  in^ 


Break  2 (Mg) : 


m = 

\ q/oto 


- Disteuice  from  the  nose  of  the  installed  store  to 
the  wing  leading  edge,  measured  in  the  wing  plan 
view,  in. 


/ K_  PPA 

K + K f 

‘"into  '"slope  \ I 


where : 


V 

INTC. 


Value  of  a(— ) at 

V q /ot , 


K PPA 
PM 


= diiT’ 


/PM\ 

- Variation  of  A(  — ) with 
)PE2  V q 

Figure  221. 


K PPA\ 

PM  1 ft . ‘ 


^LE 


K-,  PPA 
^PM 

— X - Components  of  this  term  are  defined  under  Break  1 . 

LE 


Break  3 (M^): 


where : 


/“C 

4-)  =K  tK 

V 1 /a,  liJTC,,  SLOPE.^  I 


Value  of  (— ) at 


— P )=  0,  Figure  221. . 

^LE  / 


'K..  PPA\ 

^PM  \ ft.^ 


'^oLOPE,.  - VariP-tio.-.  of  a(^)  with(-^||5— ) Figure  223. 


LE  / 


PPA 


- Components  of  this  term  are  defined  under  Breai.  1. 


Knowing  the  incremental  slopes  at  eaci»  break  point , the 

calculation  of  (—V  at  M=x  is  possible.  The  computation  is  based 
^ ^ /PM\ 

on  a linear  variation  of  I — I between  the  break  noints  where  M=x 

\ q /a 

occurs.  From  Figure  217  determine  between  which  break  points  M=x  occurs. 
Designate  these  as  f'irQy  and  14^^^  such  that  ^ If  x £ Mq 

use  the  value  of  (— ) predicted  in  Subsection  3. *..1.1.  Using  the  equation 

/PM\  ^ 

below  ^ can  ne  compi’.ted. 


V-  » 


ft  ' 


m . a(^) 

\ q/a  \ q/a 


PRED 


LOW 


LOW 


Example : 

A numerical  example  of  a similar  computational  procedure  is 
included  in  Subsection  3. 1.1. 2. 


Figure  210.  Pitching  Moment  Slope  - ^sLOPE  Mach  Break  1 


Figure  219.  Pitching  Mao*at  Slope  - for  Mach  Break  1 


r 


3 . ^ . 1 . 3 Intercept  Prediction 

/PM\ 

The  value  of  ^ — j at  a = 0 is  computed  hy  the  following 


expression. 


( q )a:=0  ~ ^REF  '^'SLOPE^ 


where : 


- Value  of(~^)  at  A =0,  ft.,  Figure  226. 

''slope,  ' ( J^)  ”“>■  he’  £:  ' 


Figure  225* 


- Distance  from  the  nose  of  the  installed  store  to 

the  leading  edge  of  phe  wing  measured  in  the  wing  plan 
view,  in. 


Store  reference  area,  ft^. 


Example : 


/PM\ 

Compute  — J^_Q  for  a 300-gallon  tank  on  the  A-7  center  pylon 


at  M=0. 5 

Required  for  Computation: 
“^LOCAL  ' 

„ cos  35^  , , 

\e  ” 

W ' 8-83  n^ 


"lUTC,  = 


- Figure  226. 


■^SLOPE^  ” 


- Figure  225. 


'Vi 


VA  *»<ir  s 


3 • 4 . i • 4 Intorcepl  Mach  tlmuber  Correction 

/PM\ 

The  variation  ot  j. itching  moment  intercept,  | — ^/a=0’ 
M = 0.5  nnd  K = J’. 0 ic  coinjuted  using  tiiO  i’olloving  expression'. 


where : 


(®)c.0  ‘ (f  Lo  ^ 


M=x 


PRED 


C 
M=x 


/PM\ 

increment  in  pitching  moment  intercept  at  M=x. 


M=x 


The  basic  aijprcach  to  che  prediction  oT  the  intercept  variation 
with  Mach  is  the  same  as  presented  in  Subsection  That  is,  the 

variation  is  approximated  by  a series  of  straight  line  segments,  as 
shown  in  Figure  21b.  The  Mach  numbers  at  vliich  the  slopes  cf  the  line 
segments  change  are  designated  break  points.  The  variati<on  of  the 
Macn  break  points  ) is  presented  in  Figure  227  as  a function  of 


again  defined  as  the  Mach  number  at  which  the  intercept 

2 

initially  deviates  from  the  predicted  M = 0.5  value.  Equations  are 
presented  below  to  compute  the  incremental  intercept  change  at  the 
remaining  break  points. 

Break  1 (M  ): 

PPA\ 

- -UEFi'-urrc,  * W,  V-T— ) ) 

1 11  Lb 

f— ) 


where: 


- Value  of  A 

iiiiOi  ■'^‘"HEF 


K PPA 

at  — ’^igure  229. 


a=0.. 


/K  PPAx 

/ PM  \ I PM  1 

~ Variation  of  A(-t ) with  respect  tol — 7 I 

oLOPLi  \qSj^j,p/  \ \e  / 

a-0. 


Figure  228. 


27>i 


1 

in.  ’ 


, , - store  reference  area,  “T“,  ft^- 

IjI"  ^ 


- Defined  in  Subsection  2.3.3,  ft. 

^PM 


PPA  - Plan  projected  area,  see  Subsection  2.2.2,  in^. 


Jl  - Distance  from  the  nose  of  the  installed  store  to  the 

LE 

wing  leading  edge,  measured  in  the  wing  plan  view,  in. 


break  2 (M  ):  . 

PPA  L \ 

^(~)a=0^  ""  ^RFf(‘S^1NTC^  ^^SLOPEg  ( 7 ) 


where : 


Kj,,c^  - value  of  a(^)  at  f-  0 where 


PPA  L ' 
^PM  ^ 


'^^REF'a=0^  \ 

= 1.0,  ft..  Figure  231' 


- Spanwise  correction  factor  to  , Figure  232. 


^'SLOPE,  - Variation  of  A 
Figure  230. 


PPA  L \ 

Sh  ^’\ 


■>'"REF'^C1=0.  \ *U5^  / 


Store  nose  length,  in. 


- Store  diameter,  in. 


Tlcl^ 

store  reference  area,  ft^ ' 


K_  PPA 
^PM 


Components  of  this  term  are  defined  under  Break  1. 


» VA'*e  ^ 


s (M^): 


whyr- 


+ K, 


' K , I PA ' 
'■pH 


‘II.’TC 


!TC  "‘CLOPb^X 


K„, 


■JLOPE, 


O or  Lim 


Value  of  t^XYloi-O  “''\ 


/K,  PPA\ 

) = 0,  ft..  Figure  2^U  . 


Variation  of 


Figure 


■ 


wilhl 


PFAN 
'PM 


LF 


in. 


Hl'F 


’Ml  2 

- Ftc re  i'ei er.^nv- e area,  , ii  . 


PPA 

— _ Components  of  tliit  term  are  defined  under  Break  1. 


Break  l>  (Mj, ) : 


where: 


K,,  PPAn 

^PM 


‘^(‘7)a=o,  " ■"  ‘"mopEjA 

* li  *1  ♦ 


Value  of 


^Kc  ^ PFA\ 

' =0,  ft.,  Figia*e  236. 


I 

^LE 


V 


CPop:^. 


- Variation  of  with^’ 


Figure  23V 


K PPA> 
^LE  ' 


'"PEF 


“nd^  2 

- Itore  refei ence  area,  , ft. 


K )PA 
'PM 


I 


LE 


Componerts  of  this  term  are  defined  under  Break  1. 
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*«*•« 

Truin'-  TTii*-  'itfi'^iii  tf-'ifr - ■ -- 


TO  ca 


/ PM  \ 

Iculate  — ) ^ at  M = Xj  <letermine  from  Figure  *^'<-7  the  break 

\ q /a=0 


points  between  which  M = x occurs.  Designate  these  an  and 


M. 


such  that  M < x < M If  x < M , the  value  of  (— ) _ predicted 
IjUV/  ” Hi.  -•  ij  ' Q,  /Ct“v 


in  Section  Subsection  3. *'.1.3  will  apply.  Using  the  expression  below 


can  be  computed. 


/gM\  _ /PM\  +A  /PM\ 

\ q )a=0  \ q /a=0  \ q /a=0 


X - M 


LOW 


M=x 


PRED 


LOW 


“ ^Lowy 


4-) 

Vq  /a=0 


HI 


/PM\ 

^ \ q /a=0 


LOW 


A numerical  example  of  a similar  computational  procedure  is 
included  in  Subsection  3. 1.1. 2. 


3.^.2  Increment-Aircraft  Yaw 

The  development  of  equations  for  predicting  the  incremental 
pitching  moment  slope  and  the  incremental  pitching  moment  intercept 
is  similar  to  that  of  side  force  as  described  in  Subsection  3.1.2. 


3.1»,2.1  Slope  Prediction 

The  equation  used  to  predict  the  incremental  pitching 

moment  slope  per  degree  6e,»  A(-^)  , at  M = 0.5  is  as  follows. 

o \ q /ctjj 


Lm  - [(K, 

I q )a 


SLOPE^  ^ 


K 


INTO, 


where: 


K, 


SLOPE, 


- Variation  of  incremental  C per  degree 

a 

...  ADJ.PPA  1 

Ss  — L—'  iV «7. 


^oTAT3t>  “ Incremental  change  in  K_.  due  to  inter- 

oLUi  £j  oLUrbj^ 

ference  effect  of  the  fuselage  for  high  wing 

aircraft  ,~;-fdei^;.  238. 


ADJ.PPA 


Store  adjusted  plan  projected  area  divided 
by  store  length,  in. 


INTO, 


- Value  of  AC 


m 


Clr 


ADJ.PPA  1 

when  0,  — i 

L deg- 


Figure  239.  6, 


^INTC 


- Incremental  change  in  due  to  inter- 

INTF  ■‘■^^^1 

ference  effect  of  the  fuselage  for  high  wing 

aircraft,  Figure  2Uo. 


■REF 


71  ci  ~ 

- GLore  r».-l'erence  area, 


- Jtoro  d I ■tint;  ft. 


lixanifle:  Cui.-  J,ut-  ^(^)a  300-j^alion  tank  on  the  . 

pylon  at  M = 0.‘  ar.t  £„  = 

Required  for  Cc.mputai  ion: 

d = 2.2  ft. 

"REF 


A = 


LOCAL 
K,  = 1.15<3 


1 to i • C'  ill* 


aOJ.i'P'  = in^.  frotn  Out  sect  ion  2 

' = 220  in. 


K,.,  . = .'"'0002  - i- i 'ure  2;7,'*’  cur’/c- 

toL'  - ‘ ii , S 


^'■•2!  OFEjjjq.p  “ Figure  2:'y,+  Bg  curve 


Old  - l-igui-e  2i9,+  6„  c-ir-. 


A."',.,.,  •=  0.0  - Figui'c.i-o^  + c':rve 


Substituting, 


(~)^  = U.OOOL-'+  0.0)(o0.i)  + (-.0.l8^  + 0 


X 


ft^, 

• .i  ^ 0 


■Pi, 


• «V(ir  -W  - 


-7  center 


.0]8.Ii3 


Figure  ?ib.  Xncr’Sijent&l  Pitching  Moment  Slope  Due  to  Yaw  - 


: ; I i ; ; ; r. : • I ‘ • 

Igure  2U0. 


Incrmeiital  Pitching  Moment  Slope  Due  to  Yaw 
Fuselage  Interference  Correction 
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- 


■lope  Ma','h  Correction 


5 • • t-’  C 


To  compute  the  ViU'iation  in  incrementuL  pitching  moment 

slope  per  ft L[ — ~]  , between  11=0. l>  and  M = I’.O  use  the 

‘ \ Q /cx,. 


foi  Lowing  rcoati  .n. 


fi, 


where: 


(“)  = 4“) 


.i=x 


L\  i h. 


qi=.s 


\ q /a 


B.. 


^M=.5 


M=x 


- ijicremental  pitching  moment  slope  per 

degree  M = O.f  1 rom  Snbsection  iJt.L'.l 

O 


(t). 

I.  , 


- Increniental  change  wit  ii  Macn  number  of 
the  incremental  pitching  moment  slope 
t>er  degree  ^t  I’.  = 0.^. 

kJ 


Th  . p;  ocea.a’e  for  calculating  the  I-iach  nomper  correction 
for  inc’*e:  ^ ’■u'  totcnlnr  m ment  slope  per  degree  6„  is  the  same  as 
that  fouiid  in  bulcec-tion  for  the  incremental  yawing  moment 

slope  per  c<-.gr-'-.  P . Mach  nampor  corr^-ction. 

»L> 

.te'  ;•  .re)v."ital  i Hch.ng  moment  slope  per  degree  Bg  variation 
with  Much  nu,  i • nuo  b.*eti  uppi  vxiinated  by  a series  of  linear  segments 
with  breuo  po.i.r.v - 


taring  at  Mach  numbers  defined  by  M^,  M^,  My  and 


M,  as  i',  F.iTire 
4 


'(f). 


1' 


M.ach  Humber 

i PC  f eme.it e.'  Pitching  Moment  Slope  Due  to  Yaw  - 
all 7'  1 M'e'h  Humber  Variation 


i'8ft 


’hLF 


- U’or*  reference  urea,  — j — , 


ft' 


- Cture  dianii-* '•'1' , I't. 


Break  2 (l-t ) : 


;lo1'£ 


. + AK, 


./ADJ.PPA\ 

SLOPE^jj^p  L ) '^IIJTC, 


wh;re: 


'■kL,'jPb 


_ V; 


ariation  <-f  incremental  ('  uer  decree 

ir. 


r,  ...  ADtl  • PPr  1 , r>  . . vl. 

B„  With  ^ V ;! — 2—  Figure  <-'»7  ■ 

2 a in  - deg'^. 


"LCrL  . 


rncrementa.;  change  In  ^’cj^Qpg 

inter ’erence  effect  of  the  fuselage  for 

a high  wing  airc  *'*  , — ?— » Figure  ^ **8. 

in.  - deg  . 


. * ti. 


Defined  in  Section  3. ^.2.1. 


1. ,,, 


- Value  ot  AC 


m. 


ADJ.PPA  . 
when  . = 0 , 


ueg 


1 igare  .I*:}. 


Al-  , rif 

' ' ''ilTF. 


- ’f  iicr.i'Qental  change  in  due  to 

2 

int«--rfei  ence  effect  of  the  fuselage  for 
.ign  ■■■•iig  aircrift,  ■ , Figure  250. 


>0 


viu-w  »v<r,v 


Break  3 (M^): 


where: 


="w. 


V q /a 


6. 


SLOPE 


INTF, 


+ K, 


INTO, 


+ AK 


K 


SLOPE, 


- Variation  of  incremental  C per  degree 


m 


ADJ.PPA  1 Figure  251 < 


3g  with  j ifi  _ deg'' . 


AK 


SLOPE 


- Incremental  change  in  ^oijOPE  inter- 


^ ference  effect  of  the  fuselage  for  a high 


wing  aircraft, 


in.  - deg 


■j~,  Figure  252. 


ADJ.PPA 

L 


- Defined  in  Subsection  3. **.2.1. 


^INTC, 


ADJ.PPA  _ „ 

Value  of  AC  when ; - 0, 

la  L 


a 


Be 


— T-,  Figure  253. 
deg^ . 


AK 


IliTC 


IKTF 


- Incremental  change  in  'iue  to  inter- 


^ ference  effect  of  the  iXiselage  for  high  wing 


aircraft,  , ^z“»  Figure  25*** 
deg  . 


Break  **  • 


:/PM\ 

\ q/a. 


'‘'■'SLOPE,,  " “sL0PEj„ 


./ADJ.PPA\  . „ 

H L / ^INTC. 


+AK, 


iriTC 


]S^„„d 


INTF. 


REF 
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where : 


- Variation  of  incremental  C per  degree 
SLOPE,  ra 

„ ADJ.PPA  1 

B,.  with  ; , ■: — 2— » Figure  255- 

L in  - deg  . 


AK 


IL'TF, 


“ Incremental  change  in  '^grQpg  ‘to 

interference  effect  of  the  fuselage  for  a 
high  wing  aircraft,  — — - , Figure  256. 


ADJ.PPA 


- Defined  in  Section  3.^t.2.1. 


’■'liiTC, 


, ADJ.PPA  . 1 

Value  of  Ac  when  0,  -7  , 

m L deg^ . 

^S 

Figure  257 • ^ 


^ilJTC 


- Incremental  change  in  K_  due  to 

interference  effect  of  the  fuselage  for 
high  wing  aircraft,  — Fig\ire  258. 


To  comjiute  A^^j^  at  M = x,  first  det>=>rmine  from  Figure  2l(2 

Bg 

■between  w.ii  h Mach  number  break  points  M = x occurs.  Let 

be  the  lower  Macli  break  and  M be  the  higher  Mach  break.  Then 
/PM\ 

compute  A -^1  at  M = x from  the  exnression  below. 

I q/a 


t(m 

' q/a 


8,. 


4-) 

V q /cto 


+ A 


ifl 


"M  = .5 


\ow 


* I 


^ ~ \ow  \ 


ow 
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value 


If  X > M = 1.6,  then  at  M - x is  equal  to  the 

/Sil  at  M = 1.6. 


- Oc 


If  X < M , then  a(— ) at  M = x is  equal  to  the  value  of 
a/SI \ at  M = 0.5  (the  initial  term  of  the  above  equation  from 

\ q/a« 

s 

Subsection  3.^*.2.l). 

A numerical  example  illustraing  the  use  of  the  above 
equation  is  included  in  Subsection  3. 2. 2. 2. 


V 'V  ;»'** 


3. ^.2. 3 Intercept  Prediction 


where: 


The  value  of  incremental  pitching  moment  intercept  per  degree 
, for  M = 0.5  is  predicted  oy  the  following  equation. 


a=0 


$c 


^(^q)a=0„  " ^^^SLOPE,  L 


+ K 


INTF 


INTO, 


^orADt?  ~ Variation  of  incremental  C per  degree 

bLUrb-  ni  ^ 

1 a=0 

^ ADJ.PPA  1 

®s  ~T— • ^59. 


- Incremental  change  in  due  to  inter- 

bLUriijj^,pp  oLUrb^ 

ference  effect  of  the  fuselage  for  high  wing 

aircraft,  *: , Figure  260. 

in.  - deg. 


ADJ.PPA 

h 


- Defined  in  Subsection  3**<.2.1. 


^IKTC, 


- Value  of  AC 


Figure  26l 


ADJ.PPA  . 1 

when  r~~  = 0,  , 

Vo,  ^ 


AK 


lUTC 


- Incremental  change  in  Ktuta  inter- 

INTF  ^“^1 

ference  effect  of  the  fuselage  for  high 

wing  aircraft,  Figure  262. 


"REF 


iTd^ 

- store  reference  area,  -jj— , ft^. 


- Store  diameter,  ft. 
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T 


A numeric.al  example  is  presented  in  Subsection  which 

illustrates  the  use  of  the  above  equation. 


( 

i 


f 


: 


30»* 


1 


’ 

i ' 1 

f 1 

rr 

1 

f 

Figure  261.  Incremental  Pitching  Moment  Intercept  Due  to  Yaw 
^INTC  Positive  and  Negative  Store  Yaw 

'“1  ■ n • r 


Figure  262.  Incremental  Pitching  Moment  Intercept  Due  to  Yaw 
’^INTC  Interference  Correction 
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3 • ^ • 2 . U Intercept  Mach  Nunber  Correction 

The  procedure  for  calcu-lating  the  Mach  number  correction 
for  incremental  pitching  moment  intercept  per  degree  is  the  same 
as  that  presented  in  Subsection  3. 2. 2. 2 for  incremental  yawing  moment 
slope  Mach  n\imber  correction. 

The  incremental  pitching  moment  intercept  per  degree 

o 

variation  with  Mach  number  has  been  fitted  by  a series  of  linear 
segments  with  break  points  occurring  at  Mach  numbers  defined  by 
Mq,  M^,  Mgj  M^,  and  M^  as  in  Figure  263. 


Generalized  Mach  Number  Variation 
The  variation  of  the  Mach  break  points  is  presented  in 

Figure 26U  as  a function  of  f/  Mach  number  where  the 

\ 

incremental  intercept  initially  deviates  from  the  value  predicted 
at  M = 0.5.  Equations  to  predict  the  incremental  changes  at  the 
remaining  Mach  break  points  from  the  initial  value  at  M = 0.5  are 
presented  below. 


Break  1 


\ q /a=0o  1 

Bo 

h 


+ AK' 

SLOPEj  SLOPEjj^p 


^J.PPAj 


+ K, 


INTC, 
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where : 


r 


K, 


SLOPE, 


- Variation  of  incremental  C per  degree 


m 


ADJ.PPA  1 “"£l 

6g  with  — Y— . “-“g.  * 265. 


AK. 


SLOPE. 


IHTF, 


- Incremental  change  in  K ^ due  to 

interference  effect  of  the  fuselage  for  a 
high  wing  aircraft,  ^^/"T'^eg" 


Figure  266. 


ADJ.PPA 


- Defined  in  Subsection  3. *4.2.1. 


INTO, 


- Value  of  Ac 


Figure  267 . 


ADJ.PPA  „ 1 

Vo,  5^' 


AK, 


IIITC 


- Incremental  change  in  KT,m,r.  due  to  inter- 
INIF^  ™^^1 

ference  effect  of  the  fuselage  for  high 

wing  aircraft,  Figure  268. 


^E1 


vd' 


- Store  reference  area,  ft^. 


- Store  diameter,  ft. 


Break  2 (M^) : 


•r\ 


f^^SLOPEg  ^SLOPEjjjjp 


^ ^ADJ.PPA j 


+ K, 


INTO, 
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iVilMllMillliMIllKfilllll 


V4L..^*  twxiTrV'W 


AK, 


SLOPE 


- Incremental  change  in  due  to 

INTF_  bLuri!,^ 

interference  effect  of  the  fuselage  for 
a high  wing  aircraft,  » Figure  2jk, 


ADJ.PPA 

L 


- Defined  in  Subsection  3.*+.2.1. 


^SuTC, 


- Value  of  Ac 


ADJ.PPA  . 1 . 

when  'V  = 0,  ■ ■ — 

Vo,  ^ 

Figure  275.  3p 


AK. 


INTC 


- Incremental  change  in  K,.^-  due  to  inter- 

INTF 

ference  effect  of  the  fuselage  for  high 

wing  aircraft,  , Figure  2?6. 
deg 


Break  h ) : 


“(f). 


a»0. 


^^^SLOPE,  ^ ^SL0PE,,^„ 
U IMTFi 


^^AJDJ.PPAj 


+ K 


INTC, 


where: 


^SLOPE, 


- Variation  of  incremental  C per  degree 


m 


...  ADJ.PPA  1 

with = — 

S L in.  - deg. 


a=0. 

, Figure  2TT . 


AK, 


SLOPE, 


INTF, 


- Incremental  change  in  due  to  inter- 

ference effect  of  the  fuselage  for  a high 

wing  aircraft,  . •'  ^ 

’in.  - deg 


*,  Figure  278. 


ADJ.PPA 

L 


- Defined  in  Subsection  3.1+.2.1. 
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^TC, 


- Value  of  Ac 
Figure  279. 


. 0. 

Vo.  '■  ‘‘*® 

\ 


^MiTio  “ Incremental  change  in  K due  to  inter- 

‘ference  effect  of  the  fuselage  for  high 
wing  aircraft,  , Figure  280. 

To  compute  a(~)  at  M = x,  first  determine  from  Figure  26k 

\ Q.  /0t*^Ug 

between  which  Mach  break  pointi  M = x occurs.  Let  M^^Qy  I>e  the  lower 

Mach  break  and  M„_  be  the  higher  Mach  break.  Ccmpute  at 

liJ.  ' 0.' 


M = X from  the  following  expression. 


Be 


JPM\  _ JPM\  ^ k2(^\  4.  / JLliisiL  I 

H q)a=0o.  " H q)a=0g  ^ \ q)a=0g  VMjjj  - M^^^y  ^ 

\ow 


=X 


M=.5 


' ^ 'a=0 


\ q )a=0 


Be 


hi 


\ow 


If  X < M , then  ^(^L-0  at  M = x is  equal  to  the  value 

vj  ' q /ct  vq 

Pg 

^Cq)oi=0_  at  M = 0.5  (the  initial  term  of  the  above  equation  from 
Subsection  3. ^.2. 3). 


If  X > M = 1.6  then,  at  M = x is  equa]  to  the 

value  of  a(~)^  - at  M = 1.6.  ^ 

\ q/a=0o 


A numerical  example  of  the  above  equation  is  contained  in 
Subsection  3. 2. 2. 2. 
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^IKTC  Iritarr«r#noe  Correction 
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*'►  ♦ f tr 


V ' w r** 
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3.1+.3  Increment  - Adjacent  Store  Interference 

The  discussion  of  pitching  moment  slope  and  intercept 
increments  due  to  adjacent  store  interference  is  similar  to  that 
of  side  force  found  in  Subsection  3.1.3. 


3*^«3«1  Slope  Prediction 

The  equation  to  predict  incremental  pitching  moment 


/PM\ 

slope,  j^.for  M « 0.5  is  given  below 


INTP 


+ 200, 


q/a  ^SL0PE,\  ^)s«r,r,d 

INTF  ^ V ' 


INTP 


REF 


where: 


^SLOPEj^  ■ Slope. 


|ADJ>PPAj 


+ K, 


INTO, 


and  additionally 
^SLOPE 


Korrtr,TT,  - Variation  of  ^ J. PPA 


( with 

SLOPEi  ^ L ’ 


in.  -deg. ’ 


ADJ.PPA  „ 

- Defined  in  Subsection  3. 3. 2, 2.,  in. 


^INTC_  ■ ^SLOPE 


ADJ.PPA  1 

when  « 0,  ~ — , 

L deg. 


Figure  282 


^INTF(^INTF  * 


d*y 


INTP 


- Defined  in  Section  3.1.3. 


^REP  ” reference  area,  ft^. 


A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 1.3.1. 
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3 . U . 3 • 2 Slope  Mach  Humber  Correction 

To  compute  the  variation  in  incranental  pitching  moment 
slope,  between  M = 0-5  and  M = 2.0,  use  the  following 


expression. 


IliTF 


where: 


,/M  = ,/M)  . ,^/M) 

V q /a  \ q /a  \ q /o 


INTF  INT^^ 


INTF 


M=x 


/PM\ 

A — ) - Incremental  pitching  moment  slope  at  M = 0.5< 

V q / ?. 


INTF, 


M=0.5 


i/PM\ 

A - Incremental  change  with  Mach  number  from 

the  incremental  pitching  moment  slope 
value  at  M = 0.5* 


A generalized  curve  illustrating  the  incremental  pitching 
manent  slope  variation  with  Mach  number  is  given  by  Figure  283. 


A® 

V<l/a 


INTF 


INTF„ 


Figure  283.  Incremental  Pitching  Moment  Slope  Due  to  Interference  - 
Generalized  Mach  Number  Variation 


The  incremental  slope  variation  with  Mach  number  has  been 
approximated  by  a series  of  linear  segments  with  break  poa<  '.3 
occurring  at  Mach  numbers  defined  by  M^,  M^^,  Mg,  and  M^.  The 
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variation  of  the  Mach  break  points  is  presented  in  Figure  2QU  as  a 

Q 

function  of  ■ m is  the  Mach  number  where  the  incremental 

2 

slope  initially  deviates  from  the  value  predicted  at  M = 0.5* 
Equations  to  predict  the  incremental  changes  at  the  remaining 
Mach  break  points  are  presented  below. 


Break  1 (M^ ) ; 


where: 


\ q /a  : •'sLOPeA  ) 


INT? 


IIITF 


®REF^ 


K K /ADJ.PPA\ 

^SLOPE,  SLOPE.l  L / 
X C. 

and  additionally, 


IKTC, 


„ ...  ADJ.PPA 

^SLOPE.  - K,  with  — . 

d - X 

•: , Figure  285. 

in.  - deg.  ^ 


ADJ.PPA 


- Defined  in  Subsection  3. 3*2. 2,  in. 


!/■  "i  V V ADJ . PPA  _ ^ 

^IIJTC^  ~ Value  of  Kgj^Qpg  when  - 0, 

£;  1 


deg 


Figure  286. 


^INTF(^IMTF 


d*y 


- Defined  in  Subsection  3.1.3- 


INTF 


S^_„  - store  reference  area, — ft^ 
REf  '' 


Break  2 (M^): 


32k 


where: 


'■l^\  = K ( 

\qa  SLOPED 

INTFg  3'  ■'  INTF 

^ADJ.PPA\ 


'^IMTF(^INTF 


^SLOPE^  “ ’^SLOPEjj  I L j ^INTC,^ 


and  additionally. 


^SLOPE,.  ' Variation  of  Kg^oPE.'""^^' 


.,,  ADJLPPA 


L * in.  - 


Figure  287. 


ADJ.PPA 


- Defined  in  Subsection  3*3. 2. 2,  in. 


ir  \T  "i  -f  ir  ADJ  * PPA  ^ 

^INTCj^  “ Value  of  Kgj^Qpg^  when  ^ = 0, 

Figure  288. 


^INTF(^INTF  * ... 

j;-  Defined  in  Subsection  3.1.3. 


'INTF 


Break  3 (M^ ) : 


where: 


‘ifl 


INTF, 


3 


/^INTF(^INTF  * 

^SLOPE^l  d .y,,,p  I 


^ref'^ 


K - K /ADJ.PPA  \ 

SLOPS^  ~ SLOPE^l  L / “^INTCg 

and  additionally, 

V M r V ...V  ADJ . PPA 

^SLOPE^  " Variation  of  Kgj^QPE-  L ’ 

^ 1 5 


in 


deg.,  Figure  289. 


ADJ.PPA 


- Defined  in  Subsection  3. 3. 2. 2,  in. 


- Value  of  K„.p_  when  — = 0. 
INTC^  SLOPEp  L deg 

Figiure  290.  ^ 


deg.  ’ 
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d-y 


necl  In  Sul>secL  ion  3.1. '5. 


INTF 


To  compute  a(~)  at  M = x,  first  determine  from  Figure  28^4 
'“iNTF 

between  which  Macii  number  break  points  M = x occurs.  Let 

be  the  lower  Mach  break  and  be  the  higher  Mach  break.  Then 
. /PM\ 

compute  Al — at  M = x from  the  following  equation. 

^ TM'p- 


INTF 
M 


= ‘(a  ^ 

INTF,,  INTF,,  . ,, 
M=x  M»0,5 


a "'^(m 
INTF,, 

M 

LOW 


HI 


^\0W' 


-)o  - 

1 V' 

l/o.  \o 

INTF,, 

^il 

^‘low 

at  M = 1.6. 


If  X > 1.6,  then  A^— V at  M = x equals  the  value  given 


INTF 


If  x i M-,  then  a(~)„  at  M = x equals  the  value  obtained 

U \ q/CtTfjn'p 

in  Subsection  3. ^.3.1  (the  initial  term  of  the  above  equation). 


A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 2. 2. 2. 
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Figure  285.  Incrmentel  Pitching  Moment  Slope  Due  to  Interference 
for  Inboard  and  Outboard  Adjacent  Store  Interference 


Figure  286.  Incremental  Pitching  Moment  Slope  Due  to  Interference 
for  Inboai’d  and  Outboard  Adjacent  Store  Interference 


-i- 
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Figiire  207.  Incremental  Pitching  Moment  Slope  Due  to  Interference 
for  Inboard  and  Outboard  Adjacent  Store  Interference 


3 • ** . 3 . 3 Intercept  Prediction 


The  equation  to  predict  incremental  pitching  momen: 
/PM\ 

intercept,  — )a-0'  given  helow. 


where: 


INTF 

a/PM\ 

q )a=0  ^ 

' INTF 


/^INTF(-'^INTF 

SLOPE,  \ d.y / 


INTF 


®ref'^ 


^SLOPE^  ^SLOPE^ 


K 


INTO, 


and  additionally, 

Va 

Figure  291 


^SLOPEg  Variation  of  Kgj^Qpg^  with  ^ ^ ij.’ 


Subsection  3. 3. 2. 2,  in. 


^IKTCg  “ Value  of  Kg^^Qpg  when  — = 0,  Figure  292. 


'^INTF(^INTF 


d.y 


INTF 


- Defined  Subsection  3.1.3. 


REF 


TTd 


- store  reference  area, 


ft' 


A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 1.3.1. 


Intercept  Mach  Number  Correction 
The  procedure  to  compute  the  incremental  pitching 
moment  intercept  "between  M • 0.5  and  M » 2.0  is  similar  to  that 
of  incremental  slope  as  found  in  Subsection  3. ^.3. 2. 

A generalized  curve  depicting  the  incremental  pitching 
moment  intercept  variation  with  Mach  number  is  given  by  Figure  293. 


/PM\ 

q/a=0 


t/M\ 

\ q/o=0 


t/lM)  ^2/PM\ 

Uk=0 


M, 


Mach  Number 


Figure  293.  Incremental  Pitching  Moment  Intercept  Due  to  Interference  - 
Generalized  Mach  Number  Variation 


The  incremental  intercept  variation  with  Mach  number  has 

been  approximated  by  a series  of  linear  segments  with  break  points 

occurring  at  Mach  nximbers  defined  by  M-  M , M„,  and  M_.  The 

U>  X 3 

variation  of  the  Mach  "break  points  is  presented  in  Figure  29k 

Q 

as  a function  of  -~2^.  m is  the  Mach  number  where  the  incremental 

2 

intercept  initially  deviates  from  the  value  predicted  at  M = 0.5. 
Equations  to  predict  the  incremental  changes  at  the  remaining 
Mach  break  points  are  presented  below. 


r 


•■j 

i 


Break  1 (Mj,  ) : 


iim  ^ ^ I -mm  way  .. 
W ‘SLOPE^l 

i-  i'l  A 1*  , ^ 


REF 


where: 


/ADJ>rpA\ 
^SLOPE^  “ ^SLOFE^l  L / 

arid  f'Jdi'tioually» 


+ K, 


INTO, 


^ ADJ.PPA  1 

Slope  " Slope.  l ‘in.’ 

2 ^ 

Figure  295* 


hPi^.-FSA  _ Defined  in  Subseetion  3.3.2*2>  ir^- 

Li 


^INTG^  " "'^SLOPE^ 


1 _ Defined  in  Juosection  3.I.3. 

'iNTF 


<i-y , 


^ 'iTd  4-4.2 

- Store  reference  area,  -jp",  it  . 


"REF 


Break  2 (M,J: 


^ INTF 


KorATDr.  \ d.y /REF“ 


SL0PE_ 
r.  3 

2 


INTF 


where : 


K 


^ “ ^SL0PE^\  L / SnTC^ 
•and  additioiialiy. 


SLOPE, 


''slope,  ■ ''‘‘^'•“'-1'"'  "slope, 
' Figwe  297 


ADJ.PPA  1 
with  '*  » 7^> 

L in . 


- Defined  in  Subsection  3. 3. 2. 2,  in. 


33« 


il  -•  1 <r.A 


^INTCj^  “ ^SLOPE, 


ffiJ.rSfA  = 0,  Figure  298. 


J y + 200s 

^IMTF(  IWT^F  _)■  Defined  in  Subsection  3.1.3. 


^'^INTF 


- Store 


TTd^  -.a 

reference  area,  i,  * * 


'(^)a-0  " ^SLOPE, 

' » ' TMfTir’ 


r ' ^ TMTF 


/ADJ.PPA\  . ^ 

^SLOPE^  “ ^SLOPE^  \ L / IHTCg 


and  additionally* 


.....  ADJ.PPA  1 


^SLOPE, 


- Variation  of  Kgj^Qpg  vith  ^ * in.* 


^ Figure  299* 


ADJ .PPA  Defined  in  Subsection  3. 3. 2. 2,  in. 
L 


- Value  of  K, 


SLOPE, 


s 0,  Figure  300. 


j V ^ 200 \ ^ 

*^W(*TNTF  _ 1 Defined. in  Subsection  3.1-3. 


■r+*  ^ 

- Store  reference  area,  t' "»  • 


lo  compute  at  M - first  determine  from  ngure  291. 

.jetveen  vhloh  Mach  numher  hreS  points  M - x occurs.  Let 


be  the  lover  Mach  break  and  My-,  be  the  higher  Mach  break.  Then 

/pm\ 

compute  A(-H_q  at  M » x from  the  following  equation. 

^ INTP 

INTF„.^  INTF,,  . c INTF„  HI  liOW 


If  X > 1.6,  then  d 
given  at  M = 1.6. 


a»0 

INTF 


at  M = X equals  the  value 


If  X i M-,  then  a(~)^  -at  M = x equals  the  value 
0 xq 

obtained  inSubsection  3.U.3.3  (the  initial  term  of  the  above  equation). 


A numerical  example  illustrating  the  use  of  the  above 
equation  is  found  in  Subsection  3. 2. 2. 2. 


a35ass«-M««s^«»nK:Ka«jSiH»»KKn8K;ffla5^^ 


Figure  294.  Incremental  Pitching  Moment  Intercept  Due  to  Interference  - 

Mach  Number  Break  Points  for  Inboard  and  Outboard  Interference 
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Figure  293*  Incremental  Pitching  Moment  Intercept  Due  to  Interference  - 
^SLOPE  Outhoard  Adjacent  Store  Interference 
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Figure  296,  Incremental  Pitching  Moment  Intercept  Due  to  Interference  - 

for  Inboard  and  Outboard  Adjacent  Store  Interference 
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AXIAI.  lAiKCL 

•.‘^.i  ’jai'io  Airluail 
-,.'>,1.1  .;iope  Prediction 

The  variaLion  of  captive  store  axial  force  with  angle  of 
attack  is  given  by  the  following  relationship. 

(fi  ”1(^1 


HIST 


n 


IIITF 


wliere : 


Variation  of  axial  force  slope  Juo  to  the 

1 . 

INST  *■  ' -ee- 


basic  installation  on  a wing  pylon,  Figure 301. 

(-^)  = f(M) 


‘‘^^^REF'a 

HIST 


■litl 


- Increment  to  the  basic  installation  axial 

force  slope  due  to  spanwise  position  of  the 

installed  store,  — , Figure:-  302  and  303. 

deg. 


,( ~ Increment  to  the  basic  installation  axial 

force  slope  due  to  the  intcrf.Tonce  effect 
IHVF  1 

of  the  fuselage  for  high-wing  aircraft,  » 

Figure  30^' . 


REF 


Store  reference  area,  ft^. 


Example: 


Calculate  the  axial  force  variation  with  angle  of  attack, 
for  a 300- gallon  tank  on  the  A-Y  center  pylon  at  M = 0.S-. 


Required  for  Computation: 
M =0.5 
n = .*<l8 
n'  = .2T0 
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Axial  Force  Slope  - Spanwise  Correction  rpO  to 


303.  Axial  Force  Slope  - Spanvise  Correction 


3 • 5 • 1 • 2 Intercept  Prediction 

The  axial  force  intercept, is  given  by  the  following 
relationship. 


where: 


('^)a=o  = I i'"  * "n  * hmF^^RW 


ISO 


INTF 


WSn„r./ 


REF'  a=0 
ISO 


- Zero  angle  of  attack  axial  force  for  the  iso- 
lated store  as  obtained  by  the  method  of 
Subsection  2.2.1. 


(AF  \ 

— 1 - Increment  to  C.  as  a function  of  wing 

^^REF^a=0  Vo 

lUTF  shadowed  store  area,  Figure  305.  V/ing 

shadowed  store  area  is  the  store  plan 

projected  area  aft  of  the  wing  leading  edge. 


- Store  spanwise  position  correction  factor. 
Figures  306  and  307 . 


i 


^INTF 


Example: 


- Correction  factor  accounting  for  the  inter- 
ference effect  of  the  fuselage  for  high-wing 
aircraft.  Figure  308. 


/AF\ 

Calculate  the  axial  force  intercept, 


for  a 300- 


gallon  tank  on  the  A-T  center  pylon  at  M = 0.5- 
Required  for  Computation: 
n = .Ul8 
n'  = .270 

Shadowed  Area  = ft^. 


) = .o6U  from  Subsection  2.2.1. 


REF'cx=0 
ISO 


= .09B  - Figure  305 


''""RHF'a=0 

IIITF 


K = .050 

n 


- Figure  306 


substituting , 

(—)  = (-06U  + .0y8)(l  + .05  + 0)  3.83 


Axial  Force  Intercept  - Incremental  C due  to  installation 


Figure  30T 


3.5.2 


Increment  - Aircraft  Yaw 


f 


J 


i. 


] 


i 


The  discuDsion  of  incremental  changes  in  ajcial  force  due  to 
aircraft  yaw  is  anaJogous  to  the  discussion  of  side  fox'ce  as  found 
in  Subsection  3.1.2. 


3. 5. 2.1  Slope  Prediction 

The  equatior  to  predict  incremental  axial  force  slope  per 


degree  B i is  given  below, 

b \ q 10.  a 


6, 


\ q/a 


where: 


q/a-  ""  ^SLOPE,  ‘ ^REF 

Bs  1 


^SLOPE  ~ Variation  of  incremental  per  degree  Bg 

309. 


S ird.^ 

REF  - Store  reference  area,  "Tp.  ft^ 

/AF\ 

Example:  C^xcul.ate  A|~j^for  a 300-gallon  tank  on  the  A-7  center 

pylon  at  M = 0.9  and  B^  = 

o 

Rpquired  for  Computation: 

M = 0.9 

B,  = 

s 


We  = - Figure  309,  Bg 


! 

{ 

i 


( 


Gubstitut.' 


(.00038)3.63 


.OOlii^i 


de«'^ 


and  using  the  equation  of  Gutsection  3.5. 


= (.00.1U!>)1* 


Incrmental  Axial  Force  Slopi 
for  Positive  and  Negative  Sti 


3.'^.J.2  Intercept  ■ redictior 

The  equati.cn  to  predict  incremental  axial  force  intercept 

(AF\ 

— ) . , is  given  below. 

Q /CX'-U^ 


<%-o 


. ^''■SLOPE,  ‘ ^REF 

Bg  1 


where : 


- Variation  of  incremental  C„  per  degree  3o 
oLOPLi  ^ S 

with  Spjjp,  deg. » Fisure  310. 


•.rd^ 


REF 


Store  reference  area,  ft  • 


equation  is 

i 

1 


numerical  example  illustrating  the  use  of  the  preceding 
found  in  Subsection 
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3- 5* 3 Increment  - Adje-cen';  Stcre  Interference 

The  discussion  of  incremental  axial  force  intercept  is 
similar  to  that  of  side  force  found  in  Subsection  3.1.3. 


3. 5.3.1  Slone  Prediction 

The  incremental  effect  due  to  adjacent  store  interference  on 
axia]  force  slope  is  negligible;  therefore,  no  prediction  is  included 
in  this  subsection. 


3.5‘3.2  Intercept  Prediction 

The  equation  to  predict  incremental  axial  force  intercept, 

is  given  below. 


INTF 


where: 


jm  = n.  + ..  ) WyiNTF'^INTF^ICTF 

^\q/a=0  ‘■^SbOPE  “^SLOPE  ^ T..,1  ^TTITi 


q/a=0  '"  SLOPE,  ‘SLOPE  ' L*d  ' “IliTC, 

INTF  1 • n 1 


'^^INTC  ^'^IHTC  ^^REF 
n I fi  l l’ 


“ Variation  oi  incremental  C,  with 
SLOPE,  A - 

1 a=0 


w • 


AKslope  ~ Incremental  change  in  Kgj.Qpg  due  to  spanwise 

n ^1 


position 


’ in.  - ft  . 


•,  Figure  312. 


REF 


Store  reference  area,  f't* ' 


'INTF 


- Store  separation  distance,  in.,  defined  in 
Subsection  3.1-3 


‘INTF 


Effective  diameter  ol  the  interfering  store, 
ft.,  defined  in  Subsection  3.1.3. 


358 


VlW'i*** 


^INTF  ~ Length  of  interfering  store  installation,  in., 

fi-tr  sinj'ic*  .stores  equal  to  tlie  physLcaJ  Icuigth  and 

for  multiple  stores  etpial  to  the  distance  from 
the  nose  of  the  forward  store  to  the  tail  of 
the  aft  store. 


K 


INTC, 


- Subject  store  diameter,  ft. 


- Subject  store  length,  in. 

- Value  of  when  = o. 

Vo 


Figure  313. 


‘^INTC  ” Incremental  change  in  due  to  spanwise 


store  position.  Figure  31 


AKujtc  “ Incremental  change  in  Kjjjijq  due  to  store 
IliTF  1 

body  - fin  interference,  presented  as  a 
ptn:  ppa 

function  of  Figure  315. 


Example:  Calculate  A(— ) for  a 300- gallon  tank  on  A-T  center 

\q  /0~t»iNTF 

pylon  with  an  MllT  on  the  inboard  pylon  at  M=0,5. 


Required  for  Computation: 

W = 3-83 

d = 2.2  ft. 

L = 226  in. 


‘^INTF 

^INTF 

•^INTF 


= 1.33  ft. 
= 67-  in. 

- i4,7  in. 


359 


n = .4l8 

PLAN  PROJECTED  FIN  AREA  = hUB  in^ . 
PLAN  PROJECTED  BODY  AREA  = U56O  in^ . 


•^SLOPEj^ 

^^SLOPE, 

^INTC^ 

AKijj^C 


-.0011, 


.OOlU, 


.021 


-.007, 


AK 


iirrc 


= 0.0 


INTF 


Figure  311 


Figure  312 


Figure  313 


Figure  31*i 


Figure  31 


substituting, 


/AF\  - f/  non  QOiU^  3.83(lt>.7)(l.33)(8T)  , 

T)a=0  “ 2.2(226) 

^ " TNTP 

- .007  + .0]3.83  = .069  ft^ 


021 
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Incranental.  Axial  Force  Intercept  Due  ti 
for  Inboard  and  Outboard  Adjacent  Store 


Figure  312.  Iir’.remental  Axial  Force  Intercept  Due  to  Interference  - K 
Spanviae  Correction  for  Inboard  and  Outboard  Interference 


Incremental  Axial  Force  Intercept  Due  ti 
for  Inboaxd  and  Outboard  Adjacent  Store 


3.6  ROLLING  MOMENT 

3.6.1  Basic  Airload 

Captive  store  rolling  moment  has  been  found  to  be  pri- 
marily a function  of  store  fin  area  and  location  with  respect 
to  the  store  roll  axis.  Stores  with  large  fins  experience  large 
installed  rolling  moments  while  those  stores  without  fins  ex- 
perience very  small  (approximately  zero)  captive  rolling  moments. 
The  effect  of  store  fin  location  wi\h  respect  to  the  store  roll 
axis  has  been  classified  into  two  categories  - symmetric  and 
unsymmetrlc.  Examples  of  these  classifications  are  illustrated 
in  Figure  3l6. 

SYMMETRIC 


UNSYMMETRIC 

Figure  316.  Symmetric  and  Unsymmetric  Store  Fin  Configurations 
3. 6. 1.1  Slope  Prediction 

The  variation  of  rolling  moment  with  angle  of  attack  is 
given  by  the  equation  below. 

(f)a  ' <"SL0PE,  ^ “slope, 

where: 

Kotodtp  ” Variation  of  rolling  moment  slope  with  fin 

SXjOi 

area,  - — Curves  are  shown  for  stores 
deg. 

with  symmetric  and  unsymmetric  fins,  Figure  317. 


A i A 


A 0 A 


^SLOPE 


INTF 


Incremental  change  in  K 


SLOPE 


1 


due  to  the  inter- 


ference effect  of  the  fuselage  for  high  wing 
aircraft,  Figure  318. 
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FIN  AREA  - Total  plenform  area  of  all  store  fins,  ft  . 


Kyy  - Aircraft  wing  sweep  correction  factor, 

^ where  A is  the  aircraft  wing  quarter-chord 

sweep  angle  in  degrees. 

Calcu3.ate  300-gallon  tank  on  A-7  center  pylon  at 


Required  for  Computation: 

FIN  AREA  = 6.07  ft'-, 
n'  = .270 

Sin  45"^ 

K = -.013  - 317  (symmetric) 

SLOPEj^ 


= 0.0  - Figure  3l8 


(^)a  + 0.0)(6.07)(.8ii)  = -.OSU 


3. 6. 1.2  Intercept  Prediction 

The  equation  bei.ow  gives  the  value  of  rolling  moment  at  ’ 
zero  angle  of  attack. 


vhere : 


ifi^o  ’ ■'slope/™ 

^SLOPE  “ rolling  moment  intercept  with  fin 

^ area,  ft..  Figures  319  to  322. 


FIN  AREA  - Total  planfcrm  area  of  all  store  fins,  ft^. 


Example : 


at  M = 0.5. 


- Store  spanwise  location  correction  factor.  Figure  323. 

Calculate  for  300-gallon  tank  on  A-7  center  pylon 

^ 'a=0 


Required  for  Computation: 
FIN  AREA  = 6.07  ft^ 
n = .I4I8 

^LOCAL  = ^27  in. 


“^SLOPE,  " 


= *99  - Figure  323 

(^)a=0  " (*05)(6.07)(.99)  = .300  ft^ 


iilMlii  iiii  liii-S  iii; 


Figure  322. 


Rolling  Moment  Intercept  - Variation  with  FIN  AREA 

N>2.0 


3.6.2 


Increment  - Aircraft  Yaw 

The  discussion  of  incremental  rolling  moment  intercept 
is  similar  to  that  of  side  force  found  in  Subsection  3.1.2 

3. 6. 2.1  Slope  Prediction 

The  incremental  effect  due  to  adjacent  store  interference 
on  rolling  moment  slope  is  negligible',  therefore,  no  prediction  is 
included  in  this  section. 

3. 6. 2. 2 Intercept  Prediction 

The  equation  for  predicting  the  incremental  rolling 
moment  intercept  per  degree  a(~)  , is  given  below. 

O ' Q ' 


where : 


Bg  11 

^INTF  ” Correction  factor  due  to  interference  effect  of 
the  fuselage  for  high  wing  aircraft.  Figure  325. 


^SLOPE^ 


- Variation  of  incremental  rolling  moment  intercept 
per  degree  Bg  with  FIN  AREA,  , Figure  32*^. 


FIN  AREA  - Total  store  fin  area,  ft? 

sin  45~*  Aircraft  wing  sweep  correction  factor 
where  A is  the  quarter-chord  sweep  angle  for  the 
subject  wing. 

Example:  Calculate  for  a 300-gallon  tank  on  A-7  center  pylon 

at  M = 0.7  and  6 = 

O 


Required  for  Computation: 


27 

.811 


PIN  AREA  - 6.07  ft^. 


375 


CLO»^E, 


= -.0172  - ri(jv.rj  ir'i,  + r , curve- 


= 1.0  - i’l(?ur- 


rubst  Haling, 


^(^)a=0  " U-0)(-.0172)(6.07)(.8i1) 


B. 


.O&ltG 


ilL 

d'ig. 


and  us  Lr.g  'be  equation  of  Sutsuction  3.L.2 


‘^s 

= (-.08»f£)(it^) 

= -.3301t  rt^ 


: * 


Incremental  Rolling  Moment  Inte 
for  Positive  and  Negative  Store 


3*6.3  Increment  - Adjacent  Store  Interference 

The  discussion  of  incremental  rolling  moment  intercept 
is  similar  to  that  of  side  force  found  in  Subsection  3.1.3. 

3*6. 3.1  Slope  Prediction 

The  incremental  effect  due  to  adjacent  store  interference 
on  rolling  moment  slope  is  negligible',  therefore,  no  prediction  is 
included  in  this  section. 

3 *6. 3. 2 Intercept  Prediction 

The  equation  used  to  predict  incremental  rolling  moment 
intercept  is  presented  below. 


where; 


q )a=0  "^^SLOPE  ^^SLOPE  "^^SLOPE  * '^SLOPE 
INTF  1 d n C 


)FIH  AREA 


K 


SLOPE, 


LOCAL 


- Variation  of  incremental  rolling  moment 
intercept  with  PIN  AREA,  ft.,  Figure  326. 


AK, 


SLOPE. 


Incremental  change  in  due  to 
changes  in  diameter  of  subject  store, 
ft.,  Figure  327. 


AK, 


SL0PE_ 


Incremental  change  in  Ngj^^p^  due  to  store 
spanwise  position,  ft.,  Figiore  328. 


AK, 


SLOPE 


- Incremental  change  in  K-^^oc*  vith  local 
LOCAL  chord  length,  ft».  Figure  329. 


FIN  AREA  - Total  store  fin  area,  ft^. 


Example:  Calculate  a(~)  for  300-gallon  tank  on  A-7  center  pylon 

\q 

with  an  M.117  on  the  inboard  pylon  and  H = 0.5 


379 


Required  for  Computation: 
d = 2.2  ft. 

FIN  Al^EA  = 6.07  ft^. 
n = .4l8 

"^LOCAL  " in. 

K.  = .811 
1 


Figure  326 


^^SLOPE,  327 

d 


AKgLOpE  " Figure  328 

n 

“slope.  ' 

LOCAL 

substituting, 

a(~)  ^ = (‘015  + 0.0  + .006  + 0.0)  6.07 

\ q / U=U 

illTFs  .127  ft^ 


380 


Figure  326.  Incrmental  Rolling  Moment  Intercept  Due  to  Interference  - 

K-rnut'  Inbo€urd  and  Outboard  Adjacent  Store  Interference 
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